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Page  45,  line  t4  from  bottom, /or  the  Turco-Persian  Frontier,  read  from  near 
Hakim- Khan  in  Turkey  in  Asia. 

—  5tj,  —  19  &  7  from  bottom,! /or  in   the   Blikhtiyari   Mountains    on  the 

—  59,  —     4  &  13  from  top,      J  Turco-Persian  Frontier,  read  a  little  north 

of  Hakim-Khan,  on  the  road  to  Hassan  Chelebi,  in  Asia  Minor, 
about  lat.  38*  40',  long.  37**  50^. 

—  86,  —  10  from  top, /or  Transactions  read  Proceedings. 

—  86,  —  10  from  bottom,/or  Liebig's  read  Leibnits. 

—  88,  —  20  from  top,/or  part  3  read  3  parts. 

—  88,  —  26  from  top, /or  elephant's  read  seaPt. 

^  88,  —  32  from  top,ybr  Dervalque  reoi/  Dewalque. 

—  250,  —     5  from  top, /or  extinct  re<id  existing. 

—  284,  —  18  from  top, /or  A'mi  read  A'mir. 

—  285,  note. /or  P<ilim  read  PiUiin. 

—  352,  line  15  from  top,  for  had  read  have. 

—  352,  —     2  from  bottom, /or  south-west  read  sonth-east. 

—  363,  —    8  from  top, /or  Mandla  read  Mandu. 

—  363,  note,  1  -.  MalcoUnson  read  Malcolm. 

—  364,  note,/-' 

—  364,  line  20  from  top,  for  hill  part  read  hill-fort 

—  364,  —    28  from  top,  for  Jib  read  Jihur. 

—  380,  —    15  from  top,  for  Halyadoba  read  Halyadoho ;   and  for    Umred 

read  Vnaed. 

—  380,  —    3  from  bottom,  omit  at  Masulipatam. 
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France    

45 

France. 
St.  Mamest. 

Cap  la  HSyc  

Sussex    

60 

MortorU,    PL  v.  f.  1. 2.   Wood- 

59 

cut,  p.  47. 
Requienia  ammonia.    Woodcut,  p.  54 

Lonsdalei.    Woodcut,  p.  53  ... 

Teredina 

France. 
WUts. 

South  Africa 

South  Africa 

462 

461 

Chenmitzia  Sutherlandii.    PI.  zii.  f.  5 

Scalaria  omaia,    PL  ziL  f.  2 

Solarium  puleheUum,    PL  xiL  f.  3 

TurrUeUa  Bonei.    PL  xii.  f.  7 

MeadiL    PL  xii.  f.  6    

Valuta  riffida,    PL  xii.  f.  4 


(Gaateropoda.) 


Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 


Jmmomtet  Gardeni,    PL  xi.  f.  3..< 

SovUtmii,    PL  xi.  f:  1  

StangeH.    PL  xL  f.  2 

Umbulazi,    PLxLf.4 

BaeuUtes  sulcatua,    PL  xi.  f.  5    ... 
Cdceoteuthis  laiipinnk.    PL  vii.  ... 


iC^hakpoda.) 

Cretaceous  .. 

Cretaceous  .. 

Cretaceous  ... 

Cretaceous  .., 

Cretaceous  ... 
Upper  Jurassic 


South  Africa  . 
South  Africa  . 
South  Africa  . 
South  Africa  . 
South  Africa . 
South  Africa  . 


South  Africa  . 
South  Africa  . 
South  Africa  . 
South  Africa  . 
South  Africa . 
Kimmeridge  . 


459 
459 
457 
458 
458 
459 


456 
455 
455 
456 
457 
124 


Corax.    (Tooth.) 


Piscis.    (1.) 
I  Cretaceous 


I  South  Africa I   463 


BrackyopM  latieepi 
Chelonian  remains. . 


Dieynodon  tigricep9 

SawriUuM  ohhuui.    Woodcut,  p.  123 


RBPTII.IA.      (4.) 

Jurassic?  .... 
Cretaceous  . 

Karoo  Beds. 

Purbeck  .... 


MlmgaU 

South  Africa 

South  Africa  ...  j 

DurdlestoneBay... 


37 
464 
532 
541 
123 


Proroitomm  nrenmdet. 


Mammale.    (1.) 
PL  XY I  Tertiary    |  Jamaica  . 


.Ml 
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EXPLANATION  OF  THE  PLATES. 


Platb 

^  1. — Map  and  Skctions,  to  illustrate  Mr.  D.  Sharpe*8  paper  on  the  Struc- 
ture of  Mont  Blanc     To  face  p.  11 

V    2.--T08SIL  Rrptilian  Skull,  to  illustrate  Prof.  Owen's  paper  on  the 

Braehyopt  laiicept   37 

w.    3-5. — HippuBiTss  AND  Radioutbs,  to  illustrate  Mr.  Woodward's  paper 

on  the  Hippuriiida    60 

^    6. — SscnoNB  AND  DiAORAiu,  to  Ulostrate  Mr.  Prestwich's  paper  on 

Sand-pipes  80 

^     7. — Fossil  Ckfhalopod,  to  illustrate  Prof.  Owen's  paper  on  Coeeoteuthis 

lat^jrinnu 124 

r    8.*-SEcnoN8  and  Diagram,  to  illustrate  Mr.  Prestwich's  paper  on  the 

Correlation  of  the  Tertiaries 241 

IT   9. — Gbologigal  Map,  to  illustrate  Mr.  Loftus's  paper  on  the  Tnrko- 

Persian  Frontier 247 

^  10. — Gbologigal  Map,  to  illustrate  Messrs.  Hislop  and  Hunter's  paper  on 

the  Neighbourhood  of  Nilgpur 345 

*  11-13.— Fossil  Shells,  to  illustrate  Mr.  Baily's  paper  on  Cretaceous 

Fossils  from  South  Africa 464 

^    14. — Gbolooical  Map,  to  illustrate  Mr.  Isbister's  paper  on  the  Northern- 
most parts  of  America    497 

^    15. — Fossil  Mammalian  Skull,  to  illustrate  Prof.  Owen's  paper  on  Pro^ 

ragionnu  nrewndea 541 

^    16. — Fossil  Sbed-vbssbl,  to  illustrate  Dr.  Hooker's  paper  on  the  iZAy- 

iidoiporum  oiwAim     564 

^  1 7. — Fossil  SBED-ysssBL,to  illustrate  Dr.  Hooker's  paper  on  the  FoUieuUtet 

mmutvbu    570 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  GENERAL  MEETING,  FEB,  21,  1865. 
REPORT   or  THE    COUNCIL. 

The  Coimcil  haye  much  pleasure  in  making  a  Report  which  indi- 
cates that  ^rogressiye  prosperity  of  the  Geological  Society  which 
must  be  satisfactory  to  its  Members.  It  will  be  seen  that  during 
the  past  year  32  new  Fellows  have  been  elected,  and  that  two  elected 
m  former  years  haye  completed  their  Fellowship,  making  an  addition 
of  34  Ordinary  Fellows.  One  Foreign  Member  has  also  been  elected. 
On  the  other  hand,  the  diminution  which  the  Society  has  sustained 
from  deaths  and  resignations  amounts  to  22,  leaying  for  1854  a  total 
increase  of  13  Ordinary  Members,  a  result  which  contrasts  fayour- 
ably  with  many  former  years.  At  the  close  of  1853,  the  Geological 
Society  numbered  8/1  Members ;  at  the  close  of  the  past  year  it 
consisted  of  884. 

The  Council  haye  to  report  that  the  current  expenditure  of  the 
Society  during  the  past  year  has  exceeded  the  income  by  the  sum 
of  ^9  \\s.  11  if.,  not  including  in  this  calculation  the  sum  of  ^189 
receiyed  for  compoations,  nor  the  sum  of  ^199  i5«.  3if.  inyested 
in  Exchequer  Bonds.  The  Council  think  it  right  to  explain  that 
this  drcmnstance,  apparently  so  contradictory  to  the  Reports  of 
the  two  preceding  years,  can  be  most  ^tisfactorily  accounted  for. 
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In  the  first  place^  the  sum  invested  in  Exchequer  Bonds  exceeds  the 
sum  received  for  compositions  hy  a  larger  amount  than  the  excess  of 
expenditure  over  income.  But  the  principal  circumstance  to  which 
the  Council  have  to  call  the  attention  of  the  Fellows  is^  that,  in  con- 
sequence of  the  very  large  excess  of  income  over  expenditure  last  year, 
it  was  determined  to  apply  £50  to  the  purchase  of  Books  for  the 
library,  and  a  further  sum  of  ^30  for  the  purpose  of  procuring 
assistance  in  the  Museum.  The  sum  actually  expended  under  these 
two  heads  amounts  to  ^40  I3s.  Sd. 

The  Council  adopted  this  temporary  mode  of  investing  the  surplus 
balance  at  their  Banker's  in  the  purchase  of  Exchequer  Bonds,  while 
they  were  considering  the  propriety  of  continuing  to  invest  the 
amount  received  for  Composition  Fees,  or  of  expendmg  that  amount 
in  furthering  the  objects  of  the  Society ;  it  having  been  su^ested 
by  the  Treasurer  that  the  sum  already  invested  far  exceeded  the 
present  life-interest  of  the  surviving  Compounders  in  their  com- 
positions. 

The  number  of  Compounders  at  the  close  of  1853  was  134,  and 
at  the  close  of  1854  it  was  137>  three  having  died  during  the  inter- 
val, and  six  newlv  elected  Fellows  having  compounded,  the  amount 
of  whose  compositions,  with  one  remaining  unfunded  at  the  close  of 
1853,  is  ^220  10«.  Of  this,  the  sum  of  ^199  15«.  3d.  has  been 
laid  out  in  the  purchase  of  two  Exchequer  Bonds  of  ^100.  The 
amount  of  the  funded  property  of  the  Society  therefore  (exclusive  of 
the  Exchequer  Bonds)  remains  the  same,  viz.  ^4014  15«.  8d.  The 
amount  received  from  the  137  existing  Compounders  is  ^4315  lOs, 
The  Council  have  further  to  report  that  the  10th  volume  of  the 
Journal  of  the  Society  has  been  completed.  The  first  part  of  Vol.  XI. 
is  ready  for  pubUcation ;  and  a  new  Part  of  the  Transactions,  forming 
the  4th  part  of  the  9th  volume,  is  in  an  advanced  state. 

The  Supplement  to  the  Library  Catalogue,  to  which  reference  was 
made  in  the  Report  of  last  year,  is  being  executed  by  Mr.  Rupert 
Jones  in  a  manner  which  must  render  it  exceedingly  valuable  to  all 
the  workine  members  of  the  Society: — ^it  will  be  found  also  to  contain 
a  list  of  sucn  original  Maps,  Sections,  and  Illustrations  as  have  accom- 
panied communications,  and  have  been  left  in  the  possession  of  the 
Society. 

The  Council  desire  to  call  the  attention  of  the  Society  to  the  im- 
proved List  of  the  Donations  to  the  Library  of  the  Society,  published 
m  the  Journal,  as  prepared  by  Mr.  Jones,  acting  on  the  suggestion 
of  some  Members  of  the  Coundl ;  it  now  contains  a  complete  list 
of  the  titles  of  all  the  various  notices  and  original  memoirs  comprised 
in  the  numerous  Transactions  and  Journals,  British  as  well  ad  Foreign, 
which  the  Society  has  received. 

They  have  further  to  report,  that  in  March  last  it  was  deemed  ad- 
visable, as  a  temporary  measure,  to  authorize  Mr.  Rupert  Jones  to 
obtain  an  Asdstant  in  the  Museum.  The  services  of  Mr.  Gawan 
were  eneaged ;  and  in  December  last  the  engagement  was,  by  consent 
of  the  Council,  continued  down  to  the  present  Anniversary.  The 
charge  in  respeH  of  this  increase  amounts  to  ^34  10«. 
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The  Award  of  the  WoUaston  PaUadium  Medal  for  the  year  has 
been  made  to  Sir  Henry  Thomas  De  la  Beche^  C.B.,  Director-Gene- 
ral of  the  Greological  Survey  of  Great  Britain,  F.R.S.,  F.G.S.  8cc,,  for 
his  many  Tslnahle  contributions  to  Geological  Science  during  a  long 
series  of  years ;  and  more  especially  for  the  establishment  of  the 
Museum  of  Practical  Geology;  for  the  very  accurate  Geolofl;ical 
Survey  of  the  United  Kingdom  now  in  progress,  illustrated  by  Maps, 
Sections,  and  Specimens ;  and  for  the  skill  and  impartiahty  displayed 
by  him  in  the  selection  of  his  many  able  coadjutors  in  that  great 
national  work. 

The  halance  of  the  proceeds  of  the  Wollaston  Donation  Fund  has 
been  awarded  to  Drs.  Guido  and  Fridolin  Sandberger,  of  Wiesbaden, 
for  their  valuable  work  on  the  Fossils  of  the  BJienish  Palaeozoic 
rocks  in  Nassau,  and  to  assist  them  in  its  completion,  and  in  the 
publication  of  their  intended  work  on  the  Fossils  of  the  Mayence 
basin. 


Report  of  the  Library  and  Museum  Committee. 

'  lAhrary. 

Since  the  last  Annual  Report,  12  volumes,  exclusive  of  periodicals, 
have  been  added  by  purchase,  and  about  90,  also  exclusive  of  period- 
icals, have  been  received  as  donations,  making  a  total  increase  of  above 
100  volumes.  Amongst  the  purchased  books  may  be  mentioned  as 
more  particularly  valuable,  BischofiTs  Geologic,  Grewingk's  Geology 
of  North  Persia,  Goldfuss'  Coal  Flora,  Meyer's  Palseontology  of 
Wurtemberg,  Dr.  Hooker's  Himalayan  Journals :  and  it  may  be 
added  that  the  set  of  Annals  of  Natural  History  has  been  completed 
by  purchase,  and  the  serials  continued  regularly  to  the  present  time. 
Of  the  books  received  as  donations,  Jardine's  Ichnology  of  Annan- 
dale,  presented  by  Sir  R.  I.  Murchison,  F.G.S., — Siluria,  presented 
by  Sir  R.  I.  Murchison,  F.G.S.,— Scale's  Geognosy  of  St.  Helena, 
presented  by  A.  Morant,  Esq.,  F.G.S., — Conchologia  Iconica,  several 
parts,  presented  by  L.  Reeve,  Esq.,F.G.S., — Darwin's  Cirripedia,  and 
other  works,  presented  by  the  Ray  Society, — deserve  to  be  specially 
named,  in  addition  to  the  63  volumes  presented  by  Mr.  Lonsdale, 
out  of  which  the  Society's  set  of  the  Eoinburgh  New  Philosophical 
Journal  has  been  completed,  with  the  exception  of  a  few  parts.  All 
these  books  have  been  catalogued,  arranged  in  their  proper  places, 
and  bound  so  far  as  necessary :  in  referring,  however,  to  this  section 
of  our  Report,  it  is  right  to  observe  that  the  great  want  of  additional 
shelves,  pointed  out  by  the  Committee  of  last  year,  is  now  still  more 
strongly  felt,  as  no  addition  has  as  yet  been  made,  notwithstanding 
the  continued  increase  of  books.  The  arrangement  of  serials  is  much 
embarrassed  by  this  deficiency  of  space,  as  sets  are  frequently  obliged 
to  be  arranged  in  more  than  one  place,  and  the  difficulty  of  reference 
18  thereby  much  increased. 
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The  preparation  of  the  new  Catalogue  steadUj  progresses^  and  one 
and  a  half  sheet  of  the  supplementary  portion,  including  the  serials, 
are  now  in  the  printer's  hands,  this  being  the  part  most  difficult  of 
arrangement.  The  Catalogue  of  the  Maps  is  also  in  hand,  but  this 
has  not  been  prepared  without  much  difficulty,  as  many  of  the  charts 
already  catalogued  have  had  to  be  disturbed  and  separated  when 
cataloguing  the  new.  The  arrangement  of  manuscript  Sections  and 
Drawings  is  also  in  progress ;  and  as  many  Maps  are  now  ready,  the 
new  Case  is  also  required.  In  respect  to  the  Ordnance  Maps,  the 
revised  Maps  have  not  been  applied  for,  as  it  would  be  useless  to 
obtain  them  until  cases  for  their  reception  had  been  purchased; 
but  the  Maps  already  in  possession  are  put  into  cases  as  quickly  as 
they  can  be  prepared  for  them.  Generally  it  may  be  stated  that 
the  accommodation  for  the  reception  of  Maps  and  Drawings  is 
limited  and  inconvenient,  and  more  especially  for  those  which  are 
kept  in  portfolios. 

Notices  of  Donations  and  of  Papers  received,  as  well  as  of  pur- 
chases, are  regularly  published  in  the  Quarterly  Journal. 


Museum. 

Two  new  tables  have  been  purchased  for  supporting  the  drawers 
of  cabinets  when  under  examination. 

Mr.  Gawan  has  been  principally  employed  in  cleaning  fossils, 
securing  the  loose  specimens  and  labels,  and  labelling  in  paint  the 
larger  specimens  of  rocks  and  boulders,  exhibiting  glacial  action  or 
the  footprints  of  animals.  He  has  also  commenc^  the  re-arrange- 
ment of  the  Tertiaries,  under  the  direction  of  Mr.  Jones.  Everything 
thus  labelled  has  been  catalogued  by  Mr.  Jones,  who  has  also  acted 
upon  the  suggestion  of  the  last  Committee  by  preparing  the  inter-, 
leaved  copy  of  Mr,  Morris's  "  Catalogue,"  presented  by  the  author 
for  the  use  of  the  gentlemen  willing  to  assist  in  the  respective  palseon- 
tographical  departments,  and  whose  aid  would  therefore  be  now  of 
the  greatest  advantage. 

Of  British  specimens  the  donations  have  principally  been  con- 
Qected  with  the  carboniferous  and  cretaceous  formations  ;  and  have 
been  placed  in  the  respective  drawers. 

Of  Foreign  specimens,  those  of  Mr.  Loftus,  received  in  1853, 
have  been  examined,  separated,  and  put  into  drawers ;  duplicates 
having  been  prepared  for  presentation  to  the  British  Museum.  The 
St.  Domingo  specimens  of  Col.  Henneker  have  been  examined, 
arranged,  and  put  into  drawers ;  the  duplicates  having  been  sent  to 
the  British  Museum  and  the  Museum  of  Economic  Geology  in 
Jermyn  Street.  Mr.  Townsend's  specimens  from  Ascension,  received 
in  1853,  have  been  sorted  and  put  into  drawers,  and  the  duplicates 
sent  to  Jermyn  Street. 

In  the  Upper  Museum,  the  arrangement  of  the  Brazilian,  Ceylon, 
and  Chinese  specimens  has  been  continued  :  the  specimens  of  aurife* 
rous  rocks  from  Victoria,  New  South  Wales,  and  New  Zealand,  pre- 
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seated  by  Sir  T.  Mitchell^  Mr.  MDner  Stepheiui,  and  Sir  George 
Grey,  hare  been  partly  arraaeed ;  and  a  second  series  of  fossils  from 
Central  India,  presented  by  the  Bey.  Messrs.  Hislop  and  Hunter,  is 
in  course  of  arrangement  for  illustration  in  the  Journal.  In  addition 
to  the  aboTe,  fossfls  from  Prome  have  been  presented  by  Lieut.-Col. 
Turton  through  Lieut.-CoL  Cautley. 

As  the  specimens  here  referred  to  necessarily  occupy  much  space 
whilst  under  examination,  it  is  rery  desirable  that  duplicates  of  the 
Nagpoor  specimens,  now  much  in  the  way,  should  be  presented  at 
once  to  public  Institutions.  In  referring  generally  to  the  Museum, 
it  should  be  observed  that  much  labour  has  been  expended  upon  it 
by  Mr.  Jonesy  which  does  not  at  first  arrest  attention ;  such,  for  ex- 
ample, as  that  required  to  reduce  to  order,  or,  as  it  were,  sift  out, 
local  specimens  from  Foreign  Countries  which  had  been  put  promis- 
cuously into  drawers  without  reference  to  the  papers  they  were 
intended  to  illustrate.  Mr.  Jones  has  done  much  to  correct  this  evil, 
and,  by  properly  arranging  these  specimens,  to  enable  a  reader  to 
compare  an  author's  statements  with  the  specimens  on  which  he 
founds  his  reasonings. 

Mr.  Jones  speaks  most  favourably  of  the  assistance  he  has  received 
from  Mr.  Gawan,  and  the  Committee  is  satisfied  from  its  own  obser- 
vation that  his  services  have  been  most  valuable,  and  that  it  is 
desirable  that  they  should  be  continued :  indeed,  from  the  arduous 
duties  performed  by  Mr.  Jones,  he  is  fully  entitled  to  every  assist- 
ance it  is  in  the  power  of  the  Society  to  afford  him. 

The  Committee  in  closing  their  Eeport  think  it  right  to  point 
more  especially  to  the  valuable  donation  by  Mr.  Greenough  of  his 
Map  of  India,  and  to  the  equally  valuable  donation  by  Mr.  Griffiths 
of  his  new  Map  of  Ireland ;  donations  which  must  be  the  more  cor- 
dially received  as  coming  from  two  of  the  oldest  Members  of  the 
Society. 

J.  £.  PORTLOCK. 

S.  P.  Pratt. 
January  23,  1855. 

Comparative  Statement  of  the  Number  of  the  Society  at  the  close  of 
the  years  1853  and  1854. 


Compounders 

Residents   

Non-residents    .... 

Dec.  31,  1853. 
134     

Dec 

.  31,  1854 
137 

204     

463    

801 
16            

203 
475 

Blood 

815 
15 

Foreiini  Vf  embers 

50            

50 

Personages  of  Royal 

4—70     

4—6^ 

871  884 
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General  Statement  explanatory  of  the  Alteration  in  the  Number  of 
Fellows,  Honorary  Members,  l^c,  at  the  close  of  the  years  1853 
and  1854. 

Number  of  Compounders,  Residents,  and  Non-residents, 

December  31,  1853 801 

Fellows  elected,  and  paid,  during  1  Resident. .. .        16 
1854 J  Non-resident        16 


—32 


34 
835 


Deduct,  Compounders  deceased 3 

Residents  „         4 

Non-residents      „         9 

Resigned 4 

—      20 

Total  number  of  Fellows,  31st  Dec.  1854,  as  above. .  815 


Number  of  Honorary  Members,  Foreign  Members,  andl 

Personages  of  Royal  Blood,  December  31,  1853 J 

Add,  Foreign  Member  elected  during  1854 1 


70 


Deduct,  Foreign  Member  deceased  1 

Honorary  Member      „        1 


71 


—        2 
As  above    69 

Number  of  Fellows  liable  to  Annual  Contribution  at  the  close  of 
1854,  with  the  Alterations  during  the  year. 

Number  at  tbe  close  of  1853 204 

Add,  Elected  and  paid  in  1854 16 

220 

Deduct,  Deceased 4 

Resigned 4 

Compounded    6 

Became  Non-resident  3 

—      17 

As  above    203 
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Deceased  Fellows. 


dm^ownders  (3). 

Rev.  H.  M.  Be  la  Condamine.     |      James  Ha11«  Esq. 
J.  E.  Winterbottom,  Esq. 

Residents  (4). 

Arthur  Aikm,  Esq.  I      John  Evans^  Esq. 

G.  W.  Ayhner,  Esq.  |      Prof.  E.  Forbes. 

Non^Eesidents  (9). 

Joseph  Martin,  Esq. 


£.  S.  Barber,  Esq. 
Isaiah  Deck,  Esq. 
Rer.  Thomas  Egerton. 
Capt.  Sir  J.  Franklin. 


Charles  Walker,  Esq, 

Honorary  Member  (1). 
Professor  Robert  Jameson. 

Foreiffn  Member  (1). 
Professor  F.  S.  Beudant. 


G.  A.  M'Dermott,  Esq. 
J.  M.  Scobie,  Esq. 
Dr.  William  Stanger. 


Thefolkmng  Persons  were  elected  Fellows  during  the  year  1854. 

January  4th. — Charles  Moore,  Esq.,  Bath;  Robert  Hunt,  Esq., 
Australia ;  Robert  W.  Hall,  Esq.,  Cirencester ;  Joseph  Hobbins, 
M.D.,  Wcdnesbury ;  and  Edward  S.  Jackson,  Esq.,  M.A.,  Tot- 
teridge. 

— ^ —  18th. — Alfred  Wm.  Morant,  Esq.,  Camden  Town;  and  John 
B.  Denton,  Esq.,  Gravely,  Stevenage. 

February  1st. — Cnarles  Robert  des  Ruffi^res,  Camden  New  Town; 
Edward  H.  Sheppard,  Esq.,  Clifton ;  Alexander  G.  Gray,  Jun., 
Esq.,  Newcastle-on-Tyne ;  and  George  M.  Stephen,  Esq.,  Maida 

22nd. — Charles  Lindsay,  Esq.,  Doctors*  Commons ;  C.  H.  B. 

Hambley,  Esq.,  Brixton ;  and  James  A.  Caley,  Esq.,  Clifton. 
March  8th.— N.  S.  Maskelyne,  Esq.,  M.A.,  Oxford;  B.  Water- 

house  Hawkins,  Esq.,  Norwood ;  S.  P.  Woodward,  Esq.,  Islington ; 

and  Charles  W.  Dilke,  Esq.,  Sloane  Street. 
22nd. — ^Edward  O'Riley,  Esq.,  Toungoo,  Bunnah ;  Frederick 

J.  Bi^  Esq.,  Strand;   Samuel  Minton,  Esq.,  Freyberg;   and 

Samuel  H.  Beckles,  Esc|.,  St.  Leonards. 
April  5th. — Robert  Ethendge,  Esq.,  Bristol. 
May  3rd. — John  Petherick,  Esq.,  Waterford ;  and  John  Coode,  Esq., 

Portland. 
24th. — ^Edward  Bretherton,   Esq.,  Liverpool;  and  William 

Ferguson,  Esq.,  Gower  Street. 
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June  7tb. — ^Thomas  Wyime,  Esq.,  Longton,  StafTordshiie. 
November  1st. — John  H.  Murcbison,  Esq.,  Porchester  Street ;  Wm. 

Henry  Mortimer,  Esq.,  Barley  Street ;  John  W.  Dawson,  Esq., 

Pictou,  Nova  Scotia ;  and  William  Cunnington,  Esq.,  Devizes. 

15th. — Francis  Galton,  Esq.,  Victoria  Street,  Westminster. 

December  13th. — James  Colquhoun,  Esq.,  Harley  Street;  George 

Bumand,  Esq.,  Sussex  Square,  Hyde  Park  ;  and  R.  B.  Grindrod, 

M.D.,  Great  Malvern. 

Thefollotffing  Person  was  elected  a  Foreign  Member, 
May  3rd. — M.  Joachim  Barrande,  Prague. 


The  following  Donations  to  the  MrsEVM  have  been  received  since 
the  last  Anniversary. 

British  Specimens. 

Specimens  of  Flints  with  Fish-remains  from  Norfolk ;  presented  by 

Capt.  Alexander. 
Slab  of  Stone  with  Footprints,  from  the  Old  Red  Sandstone  of  Elgin  ; 

presented  by  Capt.  L.  Brickenden,  F.G.S. 
Specimens  of  Impressed  Sandstones  from  the  Lower  Carboniferous 

rocks  of  Yorkshire ;  presented  by  H.  C.  Sorby,  Esq.,  F.G.S. 
Shells  from  the  Mammaiiferous  Gravel-beds  of  Orton ;  presented  bj 

J.  Trimmer,  Esq.,  F.G.S. 
Echinodermata  from  the  Chalk  of  West  Norfolk,  and  Fossils  from 

the  Nar  Clay ;  presented  by  C.  B.  Rose,  Esq.,  F.G.S. 
Fossils  from  the  Ghreen-grained  Chalk  of  Chardstock ;  presented  bj 

Rev.  T.  Wah-ond  and  J.  Wiest,  Esq. 
Fossils  from  the  Lower  Carboniferous  rocks  of  Scotland ;  presented 

by  W.  Ferguson,  Esq.,  F.G.S. 
Specimen  of  Slate  from  Westmoreland,  and  a  Specimen  of  Coked 

Straw  ;  presented  by  Mr.  J.  Jameson. 

Foreign  Specimens. 

Specimens  of  Rocks  from  Victoria ;  presented  by  G.  M.  Stephen^ 
Esq.,  F.G.S. 

A  second  Series  of  Fossils  from  Central  India ;  presented  by  the 
Rev.  Messrs.  Hislop  and  Hunter. 

Suite  of  Auriferous  Rocks,  with  Specimens  of  Gold,  from  New  Zea- 
land, collected  by  Mr.  Heaphy ;  presented  by  Sir  George  Grey. 

Specimen  of  Nummulitic  Rock  from  near  Varna  ;  presented  by  W. 
J.  Hamilton,  Esq.,  Pres.  G.S. 

Collection  of  l^ssils  from  Prome ;  presented  by  Lieut.-Col.  Turton. 
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Charts  and  Maps. 

The  Charts,  &c.,  published  by  the  Admiralty  during  the  past  year ; 
presented  by  Rear-Admirai  Sir  Francis  Beaufort,  Hon.  M.6.S., 
by  direction  of  the  Lords  Commissioners  of  the  Admiralty. 

Geological  Survey  of  Great  Britain : — Maps,  Nos.  1 7  and  18.  Hori- 
zontal Sections,  Nos.  31,  32,  33,  34,  and  37;  presented  by  Sir 
H.  T.  De  k  Beche,  F.6.S.,  on  the  part  of  Her  Majesty's  Govern- 
ment. 

Gec^ostisclie  ELarte  von  Kurhessen  und  den  angrenzenden  Landem, 
zwischen  Taunus-,  Harz-  und  Weser-Grebirge,  von  Adolph  Schwarz- 
enberg  und  Heinrich  Reusse ;  presented  by  the  Authors. 

Carte  G&dogique  de  hi  Belgique,  in  9  sheets,  par  Andrtf  Dumont ; 
and 

Carte  G&logique  de  la  Belgique  et  des  Contr^  voisines,  par  Andr^ 
Dumont ;  presented  by  the  Author. 

Geological  Map  of  the  United  States,  by  Jules  Marcou,  and  Text ; 
presented  by  the  Author. 

General  Sket^  of  the  Physical  and  Geoloncal  Features  of  British 
India,  in  9  sheets,  by  G.  B.  Greenough,  Esq.,  F.G.S. ;  presented 
by  the  Author. 

Geognostische  Karte  der  Umgebungen  von  Eraus  und  vom  Mau- 
hiurdsbeige ;  presented  by  the  Imperial  Academy  of  Vienna. 

Geological  Map  of  Norway,  by  M.  Keilhan ;  presented  by  D.  Forbes, 
Esq.,  F.G.S. 

Miscellaneous. 

Model  of  Yolkmannia  Morrisii,  a  fossil  plant,  from  Carluke ;  pre- 
sented by  W.  J.  Grourlie,  Esq. 

Model  of  Mont  Rosa,  and  Model  of  the  Zugspitze ;  presented  by 
MM.  Schlaffintweit. 

Lithograph  of  the  Remains  of  a  young  Iguanodon ;  presented  by 
J.  S.  Bowerbank,  Esq.,  F.G.S. 

Coloured  Drawing  of  a  Specimen  of  Quartz  Crystal ;  presented  by 
Miss  C.  Sowerby. 

Lithographic  Portrait  of  the  late  Prof.  E.  Forbes ;  presented  by 
Prof.  Tennant,  F.G.S. 

Specimen  Lithograph  of  Fossils ;  presented  by  6.  B.  Sowerby,  Esq. 


The  following  List  contains  the  Names  of  the  Persons  and  Public 
Bodies  from  whom  Donations  to  the  Library  and  Museum  were 
received  during  the  past  year. 


Alexander,  Capt. 

American  Academy  of  Arts  and 

Sciences. 
Art-Union  of  London. 
Asiatic  Society  oi  Great  Britain. 
Athenaeum  Journal,  Editor  of. 


Babbage,  C,  Esq. 
Basel  Natural  History  Society. 
Belgium,  Royal  Academy  of  Sci- 
ences of. 
BeUardi,  M.  L. 
Bengal,  Asiatic  Society  of. 


Digitized  by 


Google 


ANNIVERSARY  MEETING. 


Berlin,  German  GeologiciJ  Society 
at. 

Berlin,  Royal  Academy  of  Sciences 
at. 

Berwickshire  Naturalists'  Club. 

Bianconi,  Signor  J.  J. 

Binney,  E.  W.,  Esq.,  F.G.S. 

Bland,  T.,  Esq.,  F.G.S. 

Bologna  Academy  of  Sciences. 

Bombay  Geographical  Society. 

Boston  Natural  History  Society. 

Bowerbauk,  J.S.,  Esq.,  F.G.S. 

Breslau,  Silesian  Society  at. 

Brickenden,  Capt.  L.,  F.G.S. 

British  Association  for  the  Ad- 
vancement of  Science. 

Buckman,  Prof.,  F.G.S. 

Caen,  Linnean  Society  of  Nor- 
mandy at. 

Cambridge  Philosophical  Society. 

Canadian  Journal,  Editor  of  the. 

Carter,  H.  J.,  Esq. 

Cautley,  Lieut.-CoL,  F.G.S. 

Chemical  Society  of  London. 

Cherbourg  Society  of  Sciences. 

Civil  Engineers'  Journal,  Editor 
of  the. 

Colonial  Office. 

Copenhagen,  Royal  Academy  of 
Sciences  at. 

Cox,  A.,  Esq. 

Daubeny,  Prof.,  M.D.,  F.G.S. 
Davidson,  Thomas,  Esq.,  F.G.S. 
Deslongchamps,  M .  E. 
Dijon,  Academy  of  Sciences  of. 
Dublin  Geological  Society. 
Dumont,  Professor  Ancbr^  For. 
M.G.S. 

East  India  Company,  The  Hon. 
Edmburgh,  Royal  Society  of. 
Ehrenberg,  Prof.,  For.M.G.S. 
Erfurt,  Royal  Academy  of  Sciences 

at. 
Escher,  M.  A. 

Fairbaim,  Wm.,  Esq.,  F.G.S. 
Ferguson,  W.,  Esq.,  F.G.S. 


Ferrari,  Signor  Silvio. 
Fitton,  Dr.,  F.G.S. 
Forbes,  D.,  Esq.,  F.G.S. 
France,  Geologiod  Society  of. 
Frankfort,  Senckerberg  Natural 

History  Society  at. 
Franklin  Institute. 

Geneva  Natural  History  Society. 

Giebel,  Prof.  C. 

Greenough,  G.B.,  Esq.,  V.P.G.S. 

Haarlem,  Society  of  Sciences  at. 

Hamilton,  W.  J.,  Esq.,  Pres.  G.S. 

Hanau,  Wetterau  Society  of  Na- 
tural Science  at. 

Hargraves,  E.  H.,  Esq. 

Harkness,  Prof.,  F.G.S. 

Hauer,  M.  J.  Bitter  von. 

Hausmann,  Prof.  J.  F.  L.,  For. 
M.G.S. 

Hubert,  M.  E. 

Hislop,  Rev.  S. 

Hopkins,  Evan,  Esq.,  F.G.S. 

Horticultural  Society  of  London. 

Howard,  Luke,  Esq. 

Hunter,  Rev.  R. 

Indian  Archipelago  Journal,  Edi- 
tor of  the. 
Institute  of  Actuaries. 
Istituto  Lombardo  de  Sdensa. 

Jameson,  J.,  Esq. 

Jones,  T.  R.,  Esq.,  F.G.S. 

Jukes,  J.  Beete,  Esq.,  F.G.S. 

Kelaart,  E.  F.,  M.D.,  F.G.S. 
Koninck,  Prof.L.de,  For.M.G.S. 
Kopp,  M.  H. 

Layton,  T.  W.,  Esq, 
Leeds  Philosophical  Society. 
Leidy,  J.,  M.D. 
Leymerie,  M.  A. 
Liebig,  Pirof.  J. 

Li^ge  Roval  Society  of  Sciences. 
Lille  Soaety  of  Sciences. 
Linnean  Society  of  London. 
Liveipool  Literary  and  Philoso- 
phical Society. 
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Lonsdale,  Wm.,  Esq.,  F.G.S. 
Lyell,  Sir  Charles,  F.G.S. 

Madrid  Boyal  Academy  of 
Sciences. 

Mallet,  R.,  Esq. 

Manchester  PhuosophicalSociety . 

Marcou,  M.  Jules. 

Martin,  P.  J.,  Eso.,  F.G.S. 

Medical  Circular,  Editor  of  the. 

Monthly  Journal  of  Medicine, 
Editor  of  the. 

Morris,  J.,  Esq.,  F.G.S. 

Moscow,  Imperial  Society  of  Na- 
turalists of. 

Munich,  Bavarian  Academy  of 
Sciences  at. 

Murchison,  Sir  R.  I.,  F.G.S. 

Museum  of  Practical  Geology. 

Neufchatel  Society  of  Sciences. 
Nicol,  Prof.  J.,  F.G.S. 

Oldham,  T.,  Esq.,  F.G.S. 

Pardo,  Signor  Lorenzo. 

Paris,  Aaidemj  of  Sciences  at. 

Paris,  Museum  d'Histoire  Natu- 
relle  de. 

Philadelphia  Academy  of  Natural 
Sciences. 

Philadelphia,  American  Philoso- 
phical Society  at. 

Photographic  Society. 

Pictet,  Prof.  F.  J. 

Po^aard,  M.  C. 

Quekett,  J.,  Esq. 

Ray  Society. 
Redfield,  W.  C,  Esq. 
Bedman,  J.  B.,  Esq. 
Beere,  L.,  Esq.,  F.G.S. 
Renerier,  M.  £. 
Reusse,  M.  H. 
Roemer,  Dr.  Ferd. 
Rose,  C.  B.,  Esq.,  F.G.S. 
Boyid  Astronomiad  Sodety. 
Boyal  College  of  Surgeons. 
Royal  Cornwall  Polytechnic  So- 
ciety. 


Royal  Geo^phical  Society. 
Royal  Listitution  of  Great  Bri- 
tain. 
Royal  Society  of  London. 

Schlagintweit,  Dr.  A. 

Schlagintweit,  Dr.  H. 

Schrenk,  M.  A.  G. 

Schwarzenherg,  M.  A. 

Sedgwick,  Rev.  Prof.,  F.G.S. 

Silliman,  Prof.,  M.D.,  For.  M.G.S. 

Smithsonian  Institution. 

Society  of  Arts. 

Sorhy,  H.  C,  Esq.,  F.G.S. 

Sowerby,  Miss  C. 

Sowerby,  G.  B.,  Esq. 

SuteofNewYork. 

Statist,  Editor  of  the. 

Statistical  Society. 

Stockholm    Royal   Academy  of 

Sciences. 
Strasbourg    Society  of  Natural 

History. 
Studer,  Prof.  B.,  For.  M.G.S. 
Suess,  M.  Eduard. 

Taylor,  R.,  Esq.,  F.G.S. 
Tennant,  Prof.  J.,  F.G.S. 
ThioUifere,  M.  Victor. 
Treasury,  Her  Majesty's. 
Trimmer,  J.,  Esq.,  F.G.S. 

Van  Diemen's  Land,  Royal  So- 
ciety of. 

Vaud  Society  of  Natural  Sciences. 

Vemeuil,  M.  de.  For.  M.G.S. 

Vienna  Geological  Institute. 

Vienna,  Imperial  Academy  of 
Sciences  at. 

Villa,  Signor  Giov.  Battiata. 

Waht)nd,  Rev.  T. 
Wiest,  J.,  Esq. 

Yates,  J.,  Esq.,  M.A.,  F.G.S. 
Yorkshire  (West  Riding),  Geolo* 
gical  Society  of. 

Zepharovich,  M.  Bitter  von. 
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List  £/ Papers  read  since  the  last  Anniversary  Meeting, 
February  17  th,  1854. 

1S54. 

Feb.  22nd. — On  the  Tertiaiy  Formations  of  the  Mayence  Basin,  by 
William  John  Hamilton,  Esq.,  Sec.  G.S. 

March  8th. — On  the  Geology  of  the  Gold  District  of  Victoria,  Au- 
stralia, by  A.  Selwyn,  Esq. ;  communicated  by  Prof.  A.  C.  Ramsay, 
F.G.S. 

On  the  Grems  and  Gold  Crystals  of  Victoria,  by  G. 

M.  Stephen,  Esq.,  F.G.S. 

On  the  Gold  and  Cinnabar  regions  of  California,  by 


J.  S.  Wilson>  Esq. ;   communicated  by  Sir  B.  I.  Murchison, 
V.P.G.S. 

•  On  the  Gold  of  Coromandel,  New  Zealand,  in  a  letter 


from  Charles  Heaphy,  Esq.,  to  His  Excellency  Sir  G.  Grey ;  com- 
municated by  Sir  K.  I.  Murchison,  V.P.G.S. 

On  the  Geology  of  Victoria,  Australia,  by  Evan 


Hopkins,  Esq.,  F.G.S. 
March  22nd. — On  the  Geology  of  a  part  of  Madeira,  by  Sir  Charles 

Lyell,  F.G.S. ;  extracted  n-om  letters  to  Leonard  Homer,  Esq., 

F.G.S. 
On  Fish-remains  in  Chalk-flints,  by  Capt.  Alexander ; 

in  a  letter  to  the  Secretary. 

On  some  Valleys  in  Yorkshire,  by  H.  C.  Sorby,  Esq., 


F.G.S. 
April  5th. — On  the  Greological  Structure  and  Erratic  Pheenomena  of 

part  of  the  Bavarian  Alps,  by  M.  Adolph  Schlagintweit ;  conunu- 

nicated  by  the  President. 
On  the  Mammaliferous  Deposits  of  the  Valley  of  the 

Nene,  near  Peterborough,  by  Joshua  Trimmer,  Esq.,  F.G.S. 
M^  3rd. — On  some  intrusive  Igneous  Bocks  in  Cawsaad  Bay,  near 

Plymouth,  by  Leonard  Homer,  Esq.,  F.G.S. 
On  the  May  HiJl  Sandstone,  and  on  the  Classification 

of  the  Palaeozoic  Bocks  of  England  and  Wales,  by  the  Bev.  Prof. 

Sedgwick,  F.G.S. 
May  10th. — Postscript  to  Palichthyologic  Note,  No.  4,  On  some 

Pycnodont  Fishes  hitherto  referred  to  Tetragonolepis ;  Palichthy- 
ologic Notes,  No.  6,  On  a  new  Fossil  Fish  from  the  New  Bed 

Sandstone;   No.   7,  On  some  new  Fossil  Fishes  from  India; 

No.  8,  On  some  Fossil  Fishes  from  Egypt ;  by  Sir  P.  G.  Egerton, 

Bart.,  M.P.,  F.G.S. 
On  some  Fossil  Insects  from  the  Purbecks  and  the 

Oohte,  by  J.  O.  Westwood,  Esq. ;  communicated  by  the  Bev.  P. 

B.  Brodie,  F.G.S. 

■  On  P^matite  in  Ireland,  by  M.  A.  Delesse ;  commu- 


nicated by  Sir  H.  T.  De  la  Beche,  F.G.S. 
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M^  24tb.— On  the  Stracture  and  Affinities  of  tbe  Badista,  by  S.  P. 
Woodward,  Esq.,  F.G.S. 

Geological  Notice  of  the  Isle  of  Sheppey.  and  its 


outlier  of  Bagsbot  Sand,  by  C.  H.  Weston,  Esq.,  FJ 

On  tbe  Dimensions  of  the  London  Clay,  and  its  most 


Fossiliferons  Strata ;  and  on  an  outlier  of  tbe  Bagdiot  Sands  in 

tbe  Isle  of  Sbeppey,  by  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S. 
June  7tb. — On  some  Fossil  Mammalia  and  Beptilia  from  the  Purbeck 

beds  of  Durdlestone  Ba;^,  Swanage,  b^  Prof.  Owen,  F.G.S. 
On  a  Section  exposed  m  Excavations  at  tbe  West 

India  Docks,  by  W.  Blanford,  Esq. ;  communicated  by  Prof.  E. 

Forbes,  F.G.S. 

On  the  Distinctiye  Characters,  founded  on  Palceon- 


tological  and  Physical  Evidences,  of  the  London  Clay  and  the 

Bracklesham  beds,  by  Joseph  Prestwich,  Jun.,  Es<]|.,  F.G.S. 
June  21st. — On  the  Relations  of  the  London  Tertiaries  with  th 

Lower  Tertiaries  of  France  and  Belgium,  by  Joseph  Prestwich, 

Jun.,  Esq.,  F.G.S. 
On  Fossil  Foot-tracks  in  the  Wealden  at  Hastings, 

by  S.  H.  Beckles,  Esq.,  F.G.S. 

On  the  Geology  of  the  Turco-Pendan  Frontier,  by 


W.  K.  Loftus,  Esq.,  F.G.S. 

—  On  the  Geology  of  the  Nagpoor  District,  Central 


India,  by  the  Rev.  Messrs.  Hjslop  and  Hunter ;  communicated  by 
J.  C.  Moore,  Esq.,  F.G.S. 

On  a  Labyrinthodont  Reptile  from  Mangali,  near 


Nagpoor,  India,  by  Prof.  Owen,  F.G.S. 

.  Additional  Notes  on  Sand-pipes,  by  Joshua  Trimmer, 


Esq.,  F.G.S. 
November  Ist. — On  the  Occurrence  of  Gold  m  South  Africa,  by 

Dr.  Rubidge  ;  communicated  by  Sir  R.  I.  Murchison,  F.G.S. 
On  the  Occurrence  of  Copper  in  Tennessee,  by  W. 

Bray,  Esq. ;  communicated  by  the  President. 

On  the  Occurrence  of  a  Reptihan  Skull  in  the  Coal 


at  Pictou,  by  J.  W.  Dawson,  Esq, ;  conmiunicated  by  Sir  C.  Lyell, 
F.G.S. 

On  some  Nummulitic  Limestone  from  Varna,  by 


W.  J.  Hamilton,  Esq.,  Pres.  G.S. 
November  15th. — On  the  Geological  Stracture  of  Mont  Blanc,  and 

the  Cleavage  of  the  rocks  in  its  vicinity,  by  Daniel  Sharpe,  Esq., 

Treas.  G.S. 
■  On  Glacial  Traces  on  the  Surface  of  the  Rock  of 

Dumbarton,  by  Capt.  L.  Brickenden,  F,G.S. 
November  29Ui. — On  a  new  Pterichthys  from  the  Old  Red  Sand^ 

stone  of  Monwsbire,  by  Capt.  L.  Brickenden,  F.G.S. 
On  the  Gold-field  of  Coromandel  in  New  Zealand, 

by  C.  Heaphy,  Esq. ;  forwarded  bv  Sir  George  Grey. 

On  the  Geology  of  the  Vicinity  of  Nice,  by  Major 


Charters,  F.G.S. 
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1854. 
December  13tli. — On  a  FossiliferouB  Deposit  in  the  Drift  near  Salis* 

bury,  by  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S.  and  John  Brown, 

Esq.,  F.G.S. 
On  a  Fossiliferous  Drift  at  Wear  Farm,  between 

Grove  Ferry  and  the  Eeculvers,  by  Joseph  Prestwich,  Jun.,  Esq., 

F.G.S. 

On  a  Fossiliferous  Gravel  near  Stoke  Newington, 


by  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S 
'^      '     ""        trial 


On  the  Terrestrial  Surfaces  beneath  the  Drift,  by 
B.  A.  Godwin-Austen,  Esq.,  Sec.  G.S. 

1855. 
January  3rd. — On  a  Submerged  Forest  at  Fort  Lawrence,  Nova 

Scotia,  by  J.  W.  Dawson,  Esq.,  F.G.S. 
On  some  adcUtional  small  Beptilian  remains  from 

Purbeck,  by  Professor  Owen,  F.G.S. 

•  On  a  large  Fossil  Cuttle-fish,  from  the  Kimmeridge 


Clay,  by  Professor  Owen,  F.G.S. 

-  On  the  Tertiary  Beds  of  Hesse  Cassel  and  its  vicinity. 


by  W.  J.  Hamilton,  Esq.,  Pres.  G.S. 
January  17th. — On  Vertical  and  Meridional  Lamination  of  Primary 

Rocks,  by  Evan  Hopkins,  Esq.,  F.G.S. 
January  3l8t. — Notes  on  a  Geological  Map  of  Christianiaby  M.  Th. 

Kierulf,  by  Sir  R.  I.  Murchison,  V.P.G.S. 
On  the  Foliation  of  the  Rocks  of  Norway,  by  David 

Forbes,  Esq.,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting ; 

and  that  such  parts  of  them  as  the  Council  shall  think  fit,  be  printed 

and  distributed  among  the  Fellows. 
It  was  afterwards  resolved, — 

1 .  That  the  thanks  of  the  Society  be  given  to  John  Carrick  Moore^ 
Esq.,  and  Colonel  Portlock,  retiring  from  the  office  of  Vice-President. 

2.  That  the  thanks  of  the  Society  be  given  to  R.  A.  Godwin- 
Austen,  Esq.,  retiring  from  the  office  of  Secretary. 

3.  That  the  thanks  of  the  Society  be  given  to  G.  B.  Greenough, 
Esq.,  J.  S.  Bowerbank,  Esq.,  Capt.  Strachey,  and  P.  N.  Johnson, 
Esq.,  retiring  from  the  Council. 

After  the  Balloting  Glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  Officers  and  Council  for  the  ensuing 
year: — 
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Income  and  Expenditure  during  the 

INCOMB. 

£«.<!.       £      i,     d. 

Balance  at  Banker's,  January  1,  1854 412  11     2 

Balance  in  Clerk's  hands 13  16     9 

426     7  11 

Compositions  received   189     0     0 

Arrears  of  Admission  Fees     21     0     0 

Arrears  of  Annual  Contributions 18  18    0 

39  18     0 

Admission  Fees  of  1854    268  16     O 

Annual  Contributions  of  1854 611     2     O 

Dividends  on  3  per  cent.  Consols 115     3     6 

Dividends  on  Exchequer  Bonds 3     5  11 

Publications : 

Longman  &  Co.  for  Sale  of  Journal  in  1853  .    62    4    5 

Sale  of  Transactions   18    6    9 

Sale  of  Proceedings    1  18    1 

Saleof  Journal,  Vol.  II 3  15    0 

Saleof  Journal,  Vol.  Ill 4    2    6 

Saleof  Journal,  Vol.  IV 5  12    6 

Sale  of  Journal,  Vol.  V 5    6    6 

Saleof  Journal,  Vol.  VI 7    7    0 

Saleof  Journal,  Vol.  VII 12    0    6 

Saleof  Journal,  Vol.  VIII 15    B    6 

Saleof  Journal,  Vol.  IX 45    2    0 

Saleof  Journal,  Vol.  X.*  135  16  11 

317     0     8 

Sale  of  Library  Catalogue     1     0    0 


We  have  compared  the  Books  and 
Vouchers  presented  to  us  with  these 
Statements,  and  find  them  correct. 

J.  S.  BOWERBANK,!   ^  _,.,  \ 

Feb.  6,  1855.     ALFRED  ITLOR,      J  ^^tars.^  ^^^^^   ^^    ^ 

*  Due  from  Messrs.  Longman  and  Co.,  in 

addition  to  the  above,  on  Journal,  Vol.  X. ...  £59  18  10 

Due  from  Fellows  for  Corrections  36  12    6 

Due  from  Fellows  for  Subscriptions    67  5    6 


£163  16  10 
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Year  endmg  December  Slsty  1 854. 

EXPENDITURE. 

IiiTested  in  Exchequer  Bonds   199  15     3 

General  Expenditure  :  £    «.   dL 

Taxes 33  13    0 

Fire  Insunmoe    3    0    0 

House  Repairs    7    3    6 

Fnmitaie  Repain  10    8  10 

New  FarnitaTe    20    3  10 

Pud 38    3    0 

L^t  29  12    5 

Misoenaneous    House    Expenses,    indading  \  >  a    q    m 

Postages r^    ^    ^ 

Stationery  14  10    3 

Miscellaneous  Printing 19    5    0 

Tea  for  Meetings    23    6    8 

249  16     1 

Salaries  and  Wages : 

Assistant  Secretary  and  Curator  200    0    0 

Qerk  120    0    0 

Porter 80    0    0 

House  Maid    27  13    4 

Occasional  Attendants  16  15    0 

Collector „ 18    7    6 

462  15  10 

Library  42 

Moseum,  including  Assistant    32 

Diagrams  at  Meetings 13 

Miscellaneous  Scientific  Expenses    3 

Publications : 

Transactions  15    4 

Transactions,  VoL  VII.  Pt  4 16  18    6 

Joamal,  Vol.  VII 1    6  10 

Jooinal,  VoL  VIII 0    6    6 

Journal,  Vol.  IX.   4  16    1 

Journal,  VoL  X 536    4    3 

660  17     6 


3 

6 

15 

6 

12 

0 

17 

7 

Balance  at  Banker's,  Dec.  31,  1854. ...    383     4     3 
Balance  in  Clerk's  hands 22  16     6 


406    0    9 
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PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING* 

16tH  FEBRUARY,  1855. 


Award  op  thb  Wollaston  Medal  and  Donation  Fund. 


Arraa  the  Reports  of  the  Council  had  heen  read,  the  President} 
W.  J.  Hamilton,  Esq.,  on  delivering  to  Sir  Roderick  I.  Murchison 
the  Wollaston  Medal,  awarded  to  Sir  Henry  T.  De  la  Beche,  addressed 
him  as  follows :— * 

Sir  Roderick  Murchison, — In  the  ahsence  of  Sir  Henry  De  la 
Beche  I  address  myself  to  you  for  the  purpose  of  saying  that  it  is 
with  much  pleasure  that  I  now  proceed  to  give  effect  to  the  resolu* 
tion  of  the  Coimcil  already  announced,  awarding  the  Wollaston 
Palladium  Medal  for  this  year  to  our  old  associate  and  fellow-labourer. 
Sir  Henry  De  la  Beche.  In  requesting  you  to  undertake  the  task 
of  oonveying  to  him  this  mark  of  the  high  opinion  entertained  by  the 
Council  of  hb  labours,  I  trust  you  will  inform  him  how  sincerely  we 
regret  that  he  should  be  prevented  by  indisposition  from  being 
personally  present  amongst  us  to-day,  and  that  you  will  also  com- 
monicate  tohim  the  considerations  by  which  the  Council  of  the  Geo* 
logical  Society  have  been  influenced  in  making  this  award. 

The  necessary  brevity  of  a  resolution  did  not  admit  of  our  entering 
folly  into  the  details  of  these  considerations ;  I  will  therefore  now 
state  that,  in  the  first  place,  the  Council  desire  to  record  their  opinion 
of  the  merit  of  those  communications  which,  as  a  private  independent 
geologist.  Sir  Henry  De  la  Beche  has  for  a  period  of  more  than  thirty- 
fire  years  made  to  this  Society,  and  which,  printed  in  our  Transac* 
tioDS,  will  ever  remain  a  monument  of  his  zeal,  his  energy,  and  his 
perseverance.  The  very  earliest  volumes  of  our  Transactions  show 
that  since  the  year  1819  we  have  been  chiefly  indebted  to  him  for 
the  careful  examination  of  the  secondary  formations  of  our  southern 
coasts,  particularly  that  of  Dorsetshire,  and  for  a  description  of  the 
geology  of  the  vicinity  of  Bridport,  Lyme  Regis,  and  Weymouth.  It 
is  difficult  at  the  present  day  to  estimate  the  effect  of  those  commu- 
nications, which  at  the  time  gave  such  a  stimulus  to  the  study  of  our 
science.  The  nature  and  the  abundance  of  the  fossils  contained  in 
these  beds  gave  them  in  those  days  an  importance  and  an  interest 
which  has  now  been,  in  a  great  measure,  transferred  to  the  more 
andent  deposits  of  the  Palseozoic  formations. 

In  addition  to  these  papers,  which  left  but  little  remaining  for 
future  explorers,  and  in  some  of  which  he  was  assisted  bv  Dr.  Buck- 
hnd,  we  are  indebted  to  Sir  Henry  De  la  Beche  for  a  valuable  paper 

VOL.  XI.  6 
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on  the  Geology  of  Southern  Pembrokeshire,  in  which  I  think  we 
may  trace  the  commencement  of  that  system  of  geological  illustra- 
tion which  he  has  subsequently  perfected  in  the  maps  of  the  Ord- 
nance Greological  Survey,  and  of  those  views  which  have  been  lately 
confirmed  by  Mr.  Salter.  In  Foreign  Greology,  Sir  Henry  De  la 
Beche  has  contributed  some  interesting  papers  on  the  Northern  and 
Southern  coasts  of  France,  particular^  that  of  Nice.  I  must  also 
mention  his  paper  on  the  Geol<^y  of  Jamaica,  published  in  the  2nd 
volume  of  the  2nd  series  of  our  Transactions,  as  containing  the  first 
detailed  information  we  have  received  respecting  the  geological 
structure. and  formations  of  that  island ;  .and  when  we  consider  the 
difficulties  attendant  on  such  explorations,  under  a  tropical  climate 
and  in  the  midst  of  a  tropical  regetation,  we  cannot  estimate  too 
l^ghly  the  merits  of  Sir  Henry  De  U  Beche. 

At  a  subsequent  period,  he  added  to  his  claims  on  our  considera- 
tion by  the  publication  of  two  admirable  works;  *The  Manual  of 
Geology,'  and  '  Researches  in  Theoretical  Geology.'  It  is  impossible 
to  peruse  the  lucid  development  of  geological  phaenomena  contained 
in  these  works,  and  particularly  in  the  Researches  in  Theoretical 
Geology,  without  admiring  the  bold  grasp  and  comjprehensive  view  of 
the  subject  taken  by  the  author ;  and,  although  dunng  the  more  than 
twen^  years  which  have  elapsed  smce  those  works  were  first  pub- 
lished vast  progress  has  been  made  in  the  knowledge  of  geological 
detail  and  the  subdivision  of  formations,  by  none  more  than  hy> 
yourself.  Sir  Boderidc,  in  your  investigation  of  the  older  palsBOSoic 
rocks,  the  general  principles  contained  in  that  volume  have  remained 
unaltered  and  unshaken.  Some  indeed  appear  to  be  absolutely  pro? 
phetic.  Every  day's  experience  confirms  and  extends  the  remark 
that  "  the  supracretaceous  group  apparently  passes  so  insensibly  into 
the  present  order  of  things,  still  viewing  the  8ubi6ct  on  the  large 
scale,  that  probably  no  line  of  demarcation  will  ever  be  drawn  between 
them,  particularly  when  we  r^ard  the  whole  superficies  of  the  world> 
and  not  a  particular  portion  of  it*." 

.  But  in  awarding  this  Medal  to  Sir  Heiiry  De  la  Beche,  the  Council 
are  also  desirous  of  expressing  their  admiration  of  what  he  has  done 
in  his  public  capacity  as  Director  of  the  Museum  of  Practical  Geo^ 
logy,  and  Director  General  of  the  Geological  Survey  of  the  United 
KSogdom. 

They  trust  that  it  will  never  be  forgotten  that  it  is  to  the  zeal  and 
exertions  of  Sir  Henry  De  la  Beche  that  this  country  is  indebted  for 
the  recognition  b^  the  Government  and  by  Parliament  of  the  import* 
anoe  of  establishing  in  the  metropolis  both  a  Museum  of  Practical 
Geology  and  a  School  of  Miues  upon  an  enlarged  and  liberal  scale. 
Urged  by  his  recommendations  chiefly,  backed  by  the  support  of 
many  other  men  of  science,  the  Government  at  length  consented, 
about  fifteen  years  ago,  to  establish^  at  first  on  a  mcSerate  scale,  a 
Museum  for  the  purpose  of  demonstrating.tbe  importance  of  geological 
studies  and  of  their  application  to  agricultural  and  other  purposes. 
The  sdmirable  paper  on  the  formation  of  the  Rocks  of  South  Wales 
*  RMQsreheB,  &c.  p.  365. 
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and  Soath-Westem  England,  published  in  the  first  roltune  of  the 
Memoirs  of  the  (jeological  Survey,  is  the  best  evidence  of  the  fit- 
ness of  Sir  Henry  to  conduct  the  establishment  over  which  he  was 
appointed,  and  to  carry  out  the  geological  survey  entrusted  to  hia 
superintendence. 

The  success  of  this  first  experiment  emboldened  the  Government 
to  listen  to  his  suggestions,  that  the  Institution  should  be  made 
worthy  of  the  country.  By  pointing  out  the  importance,  not  to  say 
the  absolute  necessitV}  of  establishing,  in  a  country  where  mineral 
wealth  was  so  abundant  as  in  our  island,  an  office  where  mining 
records  might  be  preserved,  there  bein^  previously  nothing  of  the 
kind  in  existence,  he  succeeded  in  inducmg  the  Government  to  erect 
a  special  building  for  this  purpose,  and  in  having  a  School  of  Mines 
attached  to  the  Museum  of  Practical  Geology,  where  all  the  details 
and  phsenomenaof  these  important  operations  might  be  preserved*. 
To  tne  duty  of  superintendmg  these  Establishments  was  added  the 
geological  survey  of  Great  Britain,  based  on  the  Ordnance  maps ;  and 
not  the  least  of  Sir  Henry's  merits  is  the  skill  and  impartiality  he  has 
displayed  in  the  selection  of  the  able  staff  of  naturalists,  geologists, 
paleontologists,  chemists,  and  mineralogists,  who  have  assisted  him 
m  this  great  national  work.  With  such  a  staff,  the  introduction  of 
lectures  for  the  purpose  of  teaching  the  application  of  these  branches 
of  science  was  not  a  work  of  difficvQty .  It  became  almost  a  necessary 
consequence,  and  the  success  which  has  attended  them,  the  frequency 
with  which  they  are  followed  by  artisans  and  Aher  working  dasses, 
is  the  best  possible  evidence  of  the  propriety  of  their  institution. 
But  I  cannot  dwell  any  longer  on  this  subject, — and  yet  there  is  one 
point  in  the  career  of  Sir  H.  De  la  Beche  to  whidi,  on  such  an  occa- 
sion as  the  present,  I  must  for  one  moment  allude.  One  of  his  greatest 
merits,  and  which  I  have  httle  doubt  has  mainly  contributed  to  his 
success  in  this  achievement,  has  been,  that  in  pursuing  the  fascinating 
charms  of  geological  inquiries,  he  has  at  the  same  time  cultivated  the 
more  exact  and  mathematical  study  of  mineralogical  investigations.  I 
cannot  but  r^;ret  that,  as  a  body,  English  geologists  have  neglected 
them.  It  is  Sir  H.  De  la  Beche's  greatest  praise  that  he  has  never 
abandoned  his  first  love  for  mineralogy. 

In  requesting  you,  Sir  Roderick,  to  convey  this  Medal,  which  I 
now  place  in  your  hands,  to  Sir  H.  De  la  Beche,  I  have  onlv  to  ask 
yon  to  assure  him  of  the  hearty  good  wishes  of  the  Geological  Society 
(yf  London  for  his  future  prosperity  and  health. 

Sir  Rodkrick  Mxjrcbison  replied, — 

Mr.  President, — ^Tou  have  so  truthfully  and  ably  enunciated 
the  services  rendered  to  Geological  Science  by  my  valued  fnend  Sir 
Heniy  Thomas  De  la  Beche,  that  any  one,  however  little  acquainted 
with  our  pursuits,  must  at  once  perceive  that  this  Society  has  truly 
done  honour  to  itself  in  bestowing  its  highest  reward  upon  so  eminent 
a  man.   Permit  me,  in  returning  you  his  grateful  thanks,  to  seize  this 

f  8se  HopidM'  Addrew,  1858,  itoart.  JonnuOeolioe.  vol.  viii.  p.  Ixzix. 
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opportunity  of  recording  some  sentiments  of  my  own,  vrYdch  are  enter^ 
tained,  I  feel  certain,  by  all  geologists  who  have  witnessed  the  rise  and 
progress  of  our  associate,  and  which,  if  acted  upon,  will  assuredly  be 
most  grateful  to  liis  feelings. 

The  earlier  years  of  Sir  H.  De  la  Beche  having  been  spent  in 
those  labours  in  the  iield,  and  in  the  composition  of  many  of  those 
works  to  which  you  have  adverted,  the  remaining  portion  of  his  life 
has,  as  you  have  stated,  been  devoted  to  the  foundation,  arrange* 
ment,  and  successful  completion  of  a  great  National  Establishment. 

Let  me  add,  that  this  design,  entirely  his  own  conception,  was  begun, 
carried  out,  and  matured  by  the  combination  of  scientific  skill  with 
those  practical  evidences  of  the  value  of  his  project,  in  the  absence 
of  which  he  never  could  have  commanded  success  in  an  undertaking 
which,  though  applauded  by  ourselves,  was  alien  to  the  pursuits  of 
the  great  body  of  Englishmen. 

•  And  how  did  he  succeed? — At  his  own  expense  he  traced  the 
boundaries  and  relations  of  certain  rock-formations,  and,  laying  them 
down  on  the  Ordnance  Survey  Maps,  accompanied  by  illustrative 
Sections,  he  thus  took  the  first  step  in  leading  public  men  (otherwise 
little  versed  in  our  science)  to  see  the  good  which  must  result  from 
the  extensive  application  of  such  a  scheme,  in  making  all  proprietors 
alive  to  the  importance  of  obtaining  a  better  acquaintance  with  the 
subsoil  of  their  estates. 

Having  ^dually  attracted  the  notice  of  the  Government,  and 
having  obtained  the  use  of  rooms  in  Craig's  Court,  and  the  employ- 
ment of  a  limited  sum  of  the  public  money.  Sir  H.  De  la  Beche  then 
attached  to  his  new-bom  establishment  able  men  of  science,  who  could 
decipher  formations  in  the  field,  describe  the  fossils  they  contained, 
or  chemically  analyze  the  structure  of  the  rocks  and  their  associated 
minerals.  Soon  filling  to  repletion  the  small  space  allotted  to  him 
with  models  of  mines,  illustrative  drawings,  and  specimens  of  fossils, 
ores,  and  building-stones,  he  convinced  our  rulers,  and  particularly 
that  illustrious  statesman  Sir  Robert  Peel,  that  the  dignitj  and 
interests  of  the  country  required  that  an  adequate  and  appropriate 
building  should  be  erected,  and  exclusively  devoted  to  the  fulfilment 
of  a  project  so  lucidly  devised,  and  thus  far  so  well  realized. 

Then  arose,  and  very  much  after  the  design  of  the  accomplished 
Director  himself,  that  well-adapted  edifice  in  Jermyn  Street,  which, 
to  the  imperishable  credit  of  its  author ,  stands  forth  as  the  first 
Palace  ever  raised  from  the  ground  in  Britain,  which  is  entirely 
devoted  to  the  Advancement  of  Science! 

Once  possessed  of  halls  worthy  of  so  noble  an  object.  Sir  Henry 
De  la  Beche  next  rendered  them  practically  useful  to  the  public,  and 
on  a  vastly  extended  scale,  by  embracing,  as  necessary  adjuncts,  me« 
tallurgy  and  mechanical  science  in  addition  to  the  branches  of  know- 
ledge previously  cultivated.  When  we  reflect  on  the  eminence  of  the 
men  of  science  with  whom  he  surrounded  himself,  including  our  last 
and  deeply  lamented  President  Edward  Forbes,  and  have  seen  how 
admirably  they  presided  over  their  schools,  what  solid  instruction 
they  imparted,  and  all  directly  supporting  geology,— when  we  visit 
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the  galleries  in  which  the  shells,  fossils,  and  minerals  are  so  arranged 
as  to  illustrate  the  yalae  of  the  maps,  sections,  and  publications  of  the 
Sarrey,  we  geologists  must  feel  more  strongly  than  any  other  class  of 
men  me  deep  obligations  of  our  country  to  Sir  Henry  De  la  Beche. 

In  speaking  of  Uiis  Museum  as  a  School  of  Mines,  and  in  recollect^ 
ing  that  the  Talue  of  raw  mineral  produce  extracted  annually  from 
the  anbsoil  of  Britain  is  not  less  than  25  millions  sterling,  you  must 
be  reminded  of  the  practical  and  efficient  manner  in  which  Sir  H. 
De  la  Beche  was  enabled,  from  long  residence  in  mining  tracts,  to 
couTey  to  many  individual  proprietors  much  useful  knowledge  in  their 
own  local  language,  and  to  send  them  away  well  pleased  with  his 
cheerful  and  inendly  explanations.  Here,  however,  we  must  extend 
our  vision  beyond  our  Islands,  and,  whether  we  look  to  Canada, 
Australia,  the  Cape,  or  Hindostan,  we  see  that  well-trained  geologists 
have  been  sent  or  are  going  thither  from  our  National  School  of 
Mines ; — ^thus  making  our  vast  Colonial  Possessions  keep  pace  with 
the  advancement  of  the  mother-<x>untry. 

Now,  as  Sir  Henry  himself  and  many  of  his  best  officers  have 
n>mng  from  our  own  ranks,  let  me.  Sir,  as  a  former  President  of 
tnis  body,  and  as  a  warm  well-wisher  to  the  progress  of  our  Science, 
express  my  conviction,  that  it  is  our  bounden  duty  to  cleave  closely 
to  our  offspring.  Her  Majesty's  Geological  Museum, — nay,  more,— 
to  use  our  most  strenuous  endeavours  to  have  it  maintained  by  the 
British  Grovemment  in  that  lofty  position  to  which  it  has  been  raised. 
We  must,  in  short,  not  only  hold  firmly  to,  but  act  upon  the  faith 
which  is  in  us,  and  see  that  an  Establishment  like  this,  though  it 
naturally  branches  off  into  highly  useful  and  collateral  subjects  of 
Art,  be  never  rendered  subsidiary  to  them,  but  be  permanently  and 
independently  sustained  on  its  own  solid  basis  of  pure  Science,  This, 
our  view,  will  also  be  taken,  I  feel  confident,  by  every  enlightened 
Statesman  who  may  be  placed  in  a  station  to  enable  him  to  provide 
for  the  future  weU-being  of  the  admirable  Museum,  founded  and 
completed  by  our  WoUaston  MedalHst. 

The  state  of  his  health  having  alone  prevented  Sir  Henry  De  la 
Beche  from  being  present  to-day,  I  am  charged  on  his  part  to  declare 
that,  but  for  the  knowledge  he  acquired,  the  friendships  he  formed, 
and  the  aid  he  received  from  his  associates  in  this  Society,  he  never, 
could  have  realized  his  scheme. 

In  returning  to  you.  Sir,  and  the  Council,  his  grateful  thanks,  I 
have  only  frirtner  to  assure  you,  that  this  affectionate  tribute  from 
his  old  friends  has  cheered  him  up  in  his  present  feeble  state  of 
health,'  and  that  your  appreciation  of  his  services  has  made  the 
deepest  impression  on  his  heart ;  whilst  on  my  part,  allow  me  to  say 
that  I  consider  it  a  high  and  gratifying  distinction  to  have  been 
requested  by  my  eminent  friend  to  receive  for  him  this  Wollaston 
Medal. 

On  delivering  to  the  Secretary  the  Balance  of  the  Proceeds  of  the 
Wollaston  Fund,  the  President  addressed  him  as  follows ; — 
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Mr.  Gtodwin-Austsn, — In  the  absence  of  the  Dn.  Sandberger, 
to  whom  the  Council  of  the  (jeological  Society  have  this  year  awarded 
the  baknce  of  the  proceeds  of  the  Wollaston  Fund,  I  must  request 
you  to  inform  them  that  the  Council  hare  come  to  this  resolution  in 
consideration  of  their  yaluable  work  on  the  Fossils  of  the  Palieosoic 
Bocks  of  the  Rhine,  in  Nassau,  and  to  assist  them  in  its  completion; 
as  also  in  the  publication  of  their  intended  work  on  the  Fossils  of  the 
Mayence  Basin. 

You,  who  with  myself,  have  had  an  opportunity  of  appredating  the 
labours  of  these  gentlemen,  can  testify  to  the  zeal  and  industiy,  and 
the  real  scientific  enthusiasm  with  which  they  pursue  their  geological 
iuTestigations.  You  will,  I  trust,  inform  them  that  we  are  desirous 
of  expressing  our  admiration  at  the  manner  in  which  the  fossils 
illustrating  their  work  have  been  represented,  and  at  the  accuracy 
with  which  they  have  been  drawn.  No  one  is  better  able  than  your- 
self to  Judge  of  and  to  appreciate  this  accuracy.  At  the  same  time,  the 
Council  aibo  wish  to  testify  their  opinion  of  the  talent  and  judgment 
shown  in  the  description  of  the  fossils,  and  in  referrbg  them  to  their 
respective  formations.  By  this  work  they  have  greatly  added  to 
our  knowledge  of  the  Devonian  System  in  Germany,  and  of  the 
various  forms  of  oi^anic  life  by  which  the  different  members  of  that 
system  are  characterized  in  the  Rhenish  districts.  The  Council 
trust  that  by  this  award  they  will  be  better  enabled  to  complete 
without  much  delay  a  work  on  which  they  have  already  expended 
so  much  labour,  time,  and  thought ;  and  of  which  one  part  only  is, 
I  believe,  still  wanting.  They  also  trust  that  they  may  look  for- 
ward to  the  commencement,  at  no  distant  period,  of  the  work,  already 
announced,  on  the  Fosols  of  the  Mayence  Basin.  The  labours  of 
Dr.  FridoHn  Sandberger  on  this  subject  are  already  so  weU  known 
to  the  cultivators  of  tertiary  geology,  that  the  Council  entertain  the 
fullest  confidence  that  it  will  prove  no  less  important  and  creditable 
to  its  authors  than  that  which  is  now  so  near  completion.  I  have 
now  only  to  request,  that  in  forwarding  to  these  gentlemen  this  donar 
tion,  you  will  express  to  them  our  hope  that  they  will  see  in  it, 
however  small,  an  earnest  of  our  good  wishes  for  their  future  pros- 
perity, and  an  evidence  of  our  appreciation  of  what  they  have 
already  done. 

Mr.  Godwin-Austen  replied  as  follows : — 

Sir, — I  have  much  pleasure  in  accepting  the  balance  of  the  proceeds 
of  the  WoHaston  Donation  Fund  on  behalf  of  the  Messrs.  Sandberger^ 
inasmuch  as  I  am  one  of  the  few  Members  of  the  Society  who  have  the 
pleasure  of  being  personally  acquainted  with  these  gentlemen.  It  is  this 
which  enables  me  to  assure  you,  with  peculiar  confidence,  of  the  high 
estimation  in  which  they  will  hold  the  recognition  by  this  Society  of 
their  services  to  geological  science ;  whilst,  at  the  same  time,  I  feel 
satisfied  that  the  award  was  never  made  in  stricter  conformity  with 
the  views  of  the  founder,  than  in  the  present  instance.  The  work  of 
the  Messrs.^  Sandberger  which  has  been  more  particularly  noticed^-* 
the  *  Systematische  Beschreibung  und  Abbildung  der  Versteine- 
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Tongta  .des  Bhonisehen  Schichten-Systenui  in  NaMAo,'  is  not  ex-' 
ceeded,  for  the  beauty  of  its  illustrations,  by  any  work  of  the  kind 
which  has  appeared ;  and,  in  common  with  one  or  two  other  Members 
of  this  Society,  I  can  add  my  testimony  to  the  fidelity  with  which 
the  objects  represented  have  been  described  and  reproduced.  Such 
works  as  these  necessarily  involve  a  considerable  expense  to  their 
authors,*— an  expense  which  is  often  greatly  disproportionate  to  the 
slender  endowments  of  foreign  academical  professorships.  With 
reference  to  what  may  be  hoped  from  the  future  labours  of  the  Messrs. 
Sandberger,  I  mar  state  that  they  belong  to  a  band  of  young  and 
zealous  brothers  m  science,  whose  object  it  is  to  investigate  and 
make  known  the  (Geological  and  Natural  History  of  the  Middle 
Bhenish  Provinces,  and  towards  which  they  next  purpose  to  con* 
tribute  a  critical  work  on  the  fossil  forms  of  the  tertiary  basin  of 
Mayence. 

THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 

Gentlemen, — It  now  becomes  my  duty,  in  accordance  with  the 
practice  uniformly  adopted  by  my  predecessors  in  this  chair,  to  ad* 
dress  to  you  some  observations  on  the  losses  we  have  sustained 
during  the  past  year,  and  it  is  with  unfeigned  sorrow  that  I  have  first 
to  allude  to  one  whose  name  can  never  b^  mentioned  in  these  rooms 
without  emotion.  I  need  not  say  that  I  allude  to  Edward  Forbes» 
who  was  endeared  to  us  by  every  tie  of  social  friendship  and  scientific 
merit,  and  who  has  been  snatched  away  from  us  at  the  moment  when 
he  had  reached  the  highest  position  his  ambition  could  have  coveted, 
or  his  admiring  countrymen  could  have  bestowed  on  him.  Scarcely 
had  a  few  short  months  intervened  since  he  had  been  called  by  tlie 
universal  voice  of  the  science  of  Great  Britain  to  fill  the  chair  of 
Professor  of  Natural  Historv  in  the  University  of  Edinburgh,  and 
while  we  were  still  regretting  nis  departure  from  the  metropolis  before 
we  were  astounded  and  overwhelmed  by  the  unexpected  announcement 
of  his  death.  We  felt  not  only  individually  that  we  had  lost  a  valued 
fiiend,  but  that  those  anticipations  of  a  brilliant  scientific  career^  justi- 
fied by  the  position  he  had  attained  and  by  the  opportunities  placed 
within  his  reach,  were  doomed  to  bitter  disappointment.  These 
reflections  are  most  painAil,  and,  were  I  to  follow  my  own  inclina- 
tions, I  would  willingly  forego  all  further  allusion  to  the  subject ;  but 
such  a  course  would  be  a  betrayal  of  duty  towards  our  departed 
firiendy  and  would  disappoint  the  justly-founded  expectations  which 
you  entertain  of  hearing  a  more  detailed  account  of  the  distinguished 
jmd  amiable  man  whose  loss  we  so  deeply  deplore. 

Edward  Forbes  was  bom  in  the  Isle  of  Man,  in  the  month  of 
JPebruarj  1815.  He  evinced,  at  a  very  early  age,  an  unusual  taste 
for  the  study  of  natural  history,  and  began  to  form  a  small  museum 
when  scarcely  seven  years  old.  A  few  years  later  he  commenced  his 
geological. studies  with  the  perusal  of  Buckland's  'ReUquise  Dilu* 
.vianse^'  Parkinaoii's  'OiganicRemams/  and  Copybeare's  'Geology 
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of  England/  exhibiting  at  the  same  time  a  more  than  usual  taste  for 
drawing. 

He  visited  London  at  the  age  of  sixteen,  and  was  then  engaged  in 
studying  drawing  under  Sass,  but  this  was  not  enough  to  occupy  his 
eager  and  ardent  mind.  He  proceeded  in  1831  to  Edinburgh,  where 
he  devoted  his  whole  time  and  energies  to  the  pursuit  of  his  favourite 
subject  of  natural  history,  while  professing  to  overcome  his  repug- 
nance for  the  study  of  medicine,  the  ostensible  object  of  his  matri- 
culation. But  medicine  as  a  profession  had  no  charms  for  one  whose 
whole  soul  was  filled  with  a  love  of  the  beautiful,  and  with  an  intense 
admiration  of  the  works  of  Nature  in  every  varied  form.  He  culti- 
vated his  taste  for  natural  history  under  the  able  teaching  of  such 
men  as  Professors  Jameson  and  Graham.  He  delighted  particularly 
in  the  botanical  excursions  of  the  latter,  who  was  accustomed  period- 
ically to  lead  forth  his  pupils  to  the  Highlands ;  thus  making  Nature 
herself,  in  her  truest  and  loveliest  garb,  afford  the  practical  illustrar 
tions  of  the  teaching  of  the  class-room. 

At  this  period  of  his  life,  scarcely  a  year  passed  without  some 
botanizing  or  dredging  excursion,  and  long  before  he  arrived  at 
manhood,  he  had  made  himself  well  acquainted  with  the  Fauna 
of  the  Irish  Sea,  on  the  shores  of  his  native  island.  At  the  age 
of  eighteen,  in  company  with  a  fellow  student,  he  made  an  excur- 
sion to  Norway,  where  he  spent  some  weeks  exploring  the  wild 
and  romantic  districts  of  the  country,  adding  to  his  zoological  and 
botanical  observations.  Already,  at  this  time,  Edward  Forbes  began 
to  direct  his  attention  to  botanical  geography,  the  forerunner  of  those 
deep  and  philosophical  views  respecting  the  geographical  distribution 
of  the  Flora  and  Fauna  of  the  world  which  he  subsequently  deve- 
loped, and  which  constitute  one  of  the  most  interesting  and  leading 
features  of  all  his  writings. 

In  1835,  Edward  Forbes  risitcd  the  Alps;  in  1837  he  was  pro- 
secuting his  studies  at  Paris  under  Prevost,  Beudant,  Geoffi'oy  St. 
Hilaire,  and  De  Blainville,  and  in  May  of  the  same  year  we  hear  of 
him  at  Algiers  ;  the  result  of  this  expedition  was  an  account  of  the 
land  and  freshwater  moUusca  of  Algiers  and  Bougio,  published  in  the 
<  Annals  of  Natural  History'  for  May  1839. 

With  the  same  view  of  prosecuting  his  researches  in  natural 
history,  he  visited  Styria  and  Caniiola  in  1838,  his  remarks  on 
which  were  published  m  the  '  Proceedings  of  the  Botanical  Society.* 
In  the  summers  of  1839  and  1840  he  delivered  at  Edinburgh,  whilst 
still  a  student,  a  course  of  scientific  lectures  on  zoology,  as  well  as 
one  of  a  more  popular  nature,  in  which  he  pointed  out  the  bearings 
of  zoology  on  geology.  I  mention  this  as  a  subject  of  peculiar  in- 
terest to  us,  as  indicating  the  commencement  or  those  views  which, 
by  their  subsequent  development  and  their  growing  importance  in  the 
hands  of  Edward  Forbes,  have  exercised  such  a  beneficial  and  prac- 
tical influence  on  the  study  of  geolog;y. 

The  time  was  now  fast  approachmg  when  Edward  Forbes  was  to 
find  a  wider  sphere  for  the  exercise  of  his  brilliant  genius.  In  1841 
he  published  his  *  History  of  British  Star  Fishes  and  other  Echino- 
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denns,'  a  delightful  volame^  channingly  illustrated  by  his  own  pencil 
and  from  his  own  designs.  There  are  many  in  this  room  who  will 
recognize  in  these  illustrations  the  same  ingenious  and  playful  fancy, 
and  the  same  ready  pencil  which  never  allowed  a  sheet  of  paper  to 
lie  unused  before  him,  while  he  had  a  chance  of  transferring  to  it  the 
humorous  and  graceful  forms  which  he  realized  without  an  effort, 
and  almost  without  a  thought.  In  this  same  year  he  obtained  the 
appointment  of  naturalist  to  H.M.  surveying  ship  Beacon,  Captain 
Graves,  then  employed  in  completing  the  survey  of  the  coast  of 
Asia  Minor  and  the  adjacent  islands :  an  appointment  more  suited 
to  his  tastes  and  to  his  talents  could  not  have  been  devised.  He  had 
here  full  play  for  the  prosecution  of  his  favourite  pursuits  of  botany, 
zoology,  and  geology.  Already  well  acquainted  with  the  flora  and 
fauna  of  the  European  (Continent  and  their  geographical  distribution, 
he  had  now  an  opportunity  of  tracing  their  further  extension  to  the 
East,  and  of  examining  the  first  appearance  of  that  Oriental  fades 
which  they  put  on  in  the  eastern  portions  of  the  Mediterranean. 
Nor  was  Edward  Forbes  the  man  to  neglect  such  an  opportunity. 
During  this  and  the  following  year  he  pursued  his  botanical  and 
zoological  researches  with  unwearied  energy,  assisted  by  Captain 
Graves,  who  omitted  no  opportunity  of  enabling  his  scientific  friend 
and  companion  to  avail  himself  of  every  occasion  for  observation 
which  the  service  afforded.  It  was  during  his  various  excursions  in 
the  Beacon  and  her  boats  that  Edward  Forbes  followed  out  those 
researches  with  the  dredge,  amongst  the  islands  of  the  ^gean  Sea 
and  on  the  adjacent  coast  of  Asia  Minor,  which  alone  would  have 
immortalized  his  name.  At  the  same  time  he  neglected  no  occasion 
of  studying  the  geology  and  botany  of  the  regions  which  he  visited, 
but  the  dredge  and  its  results  will  ever  remain  the  chief  glory  of 
this  expedition.  The  results  of  these  researches  were  made  known 
to  the  public  in  the  *  Report  on  the  Mollusca  and  Radiata  of  the 
J^ean  Sea  and  on  their  distribution,  considered  as  bearing  on 
Geology,'  made  to  the  British  Association  at  their  meeting  at  Cork 
in  1843.  From  this  report  it  appears  that  the  data  on  which  it  was 
founded  were  entirely  derived  from  personal  researches  during  a 
voyage  of  eighteen  months  in  the  ^gean,  when  but  a  few  £ys 
mssed  by  without  being  devoted  to  natural  history  observations. 
Tlie  calculations  were  based  on  more  than  100  fiilly-recorded  dredging 
operations  in  various  depths  from  1  to  ISO  fathoms,  and  in  many 
localities  from  the  shores  of  the  Morea  to  those  of  Asia  Minor. 
And  with  that  modesty  which  ever  characterized  Edward  Forbes  in 
all  his  works,  he  adds,  that  the  merit  of  the  results  is  mainly  due 
to  Captain  Graves.  The  chief  objects  of  the  report,  as  stated  by  the 
author,  were,  **  to  give  an  account  of  the  distribution  of  the  several 
tribes  of  mollusca  and  radiata  in  the  Eastern  Mediterranean,  ex- 
hibiting their  range  in  depth  and  the  circumstances  under  which 
they  are  found ;  to  inquire  into  the  laws  which  appear  to  r^ulate 
their  distribution,  and  to  show  the  bearings  of  the  investigation  on 
the  science  of  geology." 
I  shall  not  attempt  to  give  an  analysis  of  this  valuable  report ;  I 
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shall  content  myself  with  reminding  you  of  some  of  the  more  imports 
ant  conclusions,  as  hearing  on  geological  investigations,  which  ara 
embodied  in  it.  The  most  important  fact  which  has  resulted  from 
them  respecting  the  derelopment  and  distribution  of  animal  and 
yegetable  life  in  the  depths  of  the  ocean  is,  that  of  the  almost  uni" 
form  occurrence  of  particular  species  in  particular  zones  of  depth 
below  the  surface.  This  distribution  of  marine  animal  Ufe  is  deter- 
mined by  three  primary,*  modified  by  several  secondary  influences. 
The  primary  are  climate,  sea  composition,  and  depth  ;  of  the  many 
secondary  influences,  the  most  important  is  the  character  of  the 
sea  bottom.  According  as  rock,  mud,  sand,  weedy  or  gravelly 
ground  prevails,  so  will  the  number  of  the  sevend  genera  and  species 
vary.  The  outline  and  geological  nature  of  the  coast  is  also  an  im- 
portant feature  in  modifying  the  marine  fauna.  Other  secondary 
mfluences  are  tides  and  currents,  the  influx  of  fresh  water,  &c. 

We  have  then  a  full  description  of  eight  well-marked  regions  of 
depth  in  the  Eastern  Mediterranean,  each  characterized  by  its  pecu- 
liar fauna,  and  when  there  are  plants  by  its  flora.  These  regions 
are  distinguished  from  each  other  by  the  association  of  the  species 
they  severally  include.  Certain  species  in  each  are  found  in  no 
other,  several  are  found  in  one  region  which  do  not  range  into  the 
next  above,  whilst  they  extend  to  that  below,  or  vice  versd ;  •  certain 
species  have  their  maximum  of  development  in  each  zone,  being  most 
prohfic  in  individuab  in  that  zone  in  which  is  their  maximum,  and 
gf  which  they  may  be  regarded  as  especially  characteristic.  Every 
zone  has  also  a  more  or  less  general  mineral  character,  the  sea  bottom 
not  being  equally  variable  in  each,  and  becoming  more  and  more 
^niform  as  we  descend.  Again,  the  deeper  zones  are  greater  in 
extent,  so  that  whilst  the  first  or  most  superficial  is  but  12,  the 
eighth,  or  lowest,  is  above  700  feet  in  perpendicular  range ;  its  hori- 
zontal extent  increases  in  a  somewhat  sinular  proportion.  Another 
r'ficant  feature  is,  that  as  we  reach  the  eighth  zone  the  number 
^lecies  and  of  individuals  diminishes  as  we  descend,  pointing  to  a 
zero  in  the  distribution  of  animal  life  as  yet  unvisited.  Species 
disappear  in  depth  which  do  not  seem  to  be  replaced  by  others. 
From  other  observations  the  following  general  inference  is  deduced ; 
that  the  extent  of  the  range  of  a  species  in  depth  is  correspondent 
with  its  geographical  distribution. 

But  these  eight  regions  are  themselves  the  scene  of  iocessant 
change  ;  not  only  are  the  depths  modified  by  the  addition  of  fresh 
matter,  but  the  very  animals  themselves,  by  their  own  increase,  so 
modify  the  nature  of  the  sea  bottom  as  to  render  it  unfit  for  their 
own  existence,  until  a  new  layer  of  sedimentary  matter,  uncharged 
with  living  organic  contents,  has  formed  a  fresh  soil  for  similar  or 
other  animals  to  thrive  on.  It  is  impossible  to  overlook  the  im- 
portance of  these  observations  in  explaining  many  of  the  daily 
recurring  phsenomena  which  are  brought  under  the  notice  of  the 
geologist ;  in  the  last  observation  we  may  see  an  explanation  of  the 
phsenomenon  of  interstratification  of  fossiUferous  and  non-fossiliferoiui 
beds. 
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-  I  most  refer  you  to  the  report  itself  for  an  account  of  the  pheno- 
mena which  would  be  presented  to  us  were  the  bottom  of  the  iEgean 
Sea  to  be  derated  and  converted  into  dry  land,  or  to  be  filled  up  by 
a  long,  series  of  sedimentary  depositions.  He  concludes  by  obsenring, 
that, "  supposing  such  an  eleyation  to  have  taken  place,  a  knowledge 
of  the  association  of  species  in  the  regions  of  depth  would  enable  us 
to  form  a  pretty  accurate  notion  of  the  depth  of  water  in  which  each 
bed  was  deposited.  A  beautiful  illustration  of  this  argument  is  given 
from  observations  made  on  the  island  of  Santorin,  and  under  different 
circumstances  the  contrary  observations  might  be  made ;  the  geologist 
is  thus  enabled,  by  a  cardlul  examination  of  the  successive  overlying 
groups  of  species,  to  ascertain  whether,  in  any  given  locality  brought 
under  his  notice,  the  sea  bottom  was  being  elevated  or  depressed.*' 

But  I  have  already  dwelt  too  long  on  this  report ;  I  must  hasten 
to  other  scenes  in  the  life  of  Edward  Forbes.  During  his  stay  in  the 
Mediterranean  he  made  several  excursions  into  Lycia,  where  he  had 
an  opportunity  of  combining  his  love  of  art  with  the  pursuit  of 
natural  history.  On  one  occasion,  in  company  with  Mr.  Hoskyn, 
they  discovered  and  fixed  the  sites  of  two  of  the  Cibyradc  cities.  A 
second  excursion  undertaken  with  the  Rev.  Mr.  Daniell  and  Captain, 
then  lieutenant,  Spratt,  was  still  more  important;  the  sites  of 
eighteen  ancient  cities  hitherto  unknown  to  geographers  were  ex- 
plored and  determined,  and  the  names  of  fifteen  were  identified  by 
mscriptions  found  amongst  the  ruins.  During  this  expedition  Mr. 
Daniell  fell  a  victim  to  the  malignant  malaria  of  the  country,  and  the 
life  of  fSdward  Forbes  himself  was  at  one  time  in  danger.  Indeed 
there  can  be  Uttle  doubt  that  at  this  time  were  sown  the  seeds  of  that 
disease  which  has  eventually  deprived  us  of  his  services.  He,  how- 
ever, gradually  recovered,  and  was  on  the  point  of  proceeding  to 
Egypt  and  the  Red  Sea  on  a  dredging  excursion,  when  he  was  in- 
formed that  he  had  been  elected  to  fill  the  Chair  of  Botany  in  King's 
College,  vacant  by  the  death  of  Professor  Don.  He  returned  imme- 
diately to  England,  and,  on  the  8th  May  1843,  deMvered  his  in- 
augnnl  lecture  in  that  institution. 

But  previously  to  this  event,  Professor  Forbes  had  become  intimately 
eonnected  with  this  Society.  At  the  close  of  1842  Mr.  Lonsdide, 
who  for  so  many  years  had  been  the  curator  of  our  museum,  resigned 
Us  office  in  consequence  of  the  state  of  his  health.  In  the  report 
of  the  Council  readf  at  the  Annual  General  Meeting  on  February  17, 
1843, 1  find  the  following  passsge,  after  alluding  to  the  loss  sustained 
by  the  resignation  of  Mr.  Lonsdale : — "  In  recording  the  election  of 
his  successor,  the  Council  cannot  omit  to  congratulate  the  Society 
on  having  secured  the  services  of  such  a  distinguished  naturalist  as 
Mr.  £.  Forbes.''  I  may  appeal  to  the  recollection  of  eveiy  member 
oi  the  Society  for  a  confirmation  of  my  statement,  that  the  expecta- 
tions then  entertained,  great  as  the^  unquestionably  were,  were  moro 
than  fulfilled  by  the  manner  in  which  Edward  Forbes  conducted  the 
business  entrusted  to  him  during  the  period  that  he  held  this  im- 
portant office.  The  report  of  the  Museum  Committee  for  1844  will 
show  how  his  labours  wero  appreciated  bgr  the  CoQociL    Botbelbre 
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the  close  of  the  same  year  his  talents  as  a  naturalist  and  a  palseonto- 
legist  called  him  to  a  more  extended  sphere  of  action.  On  the 
establishment  of  the  Museum  of  Practical  Geology  in  connection  with 
the  Ordnance  Geological  Survey  under  the  direction  of  Sir  H.  De  la 
Beche^  Professor  Forbes  was  appointed  palaeontologist  to  that  insti* 
tution,  and  resigned  the  curatorship  of  the  museum  of  this  Society. 
On  the  removal  of  the  Museum  to  Jermyn  Street  he  was  appointed 
its  Professor  of  Natural  History. 

Here  then  his  talents  had  full  space  for  their  development^  and 
Edward  Forbes  was  not  slow  in  bringing  to  bear  on  his  numerous 
avocations  the  knowledge  he  had  so  industriously  coUected.  Com- 
bining as  he  did  a  lively  and  vivid  imagination  with  a  mature  and 
well-disciphned  judgment,  he  was  enabled  to  employ  with  effect  that 
power  of  generidization  and  abstraction  which  he  so  eminently  pos- 
sessed. His  enlightened  and  comprehensive  views  on  the  nnmerons 
branches  of  natural  history  which  he  cultivated,  and  which  were 
founded  mainly  on  his  own  experience,  caused  him  from  henceforth 
to  be  looked  up  to  as  one  of  the  first  of  British  naturalists,  and  the 
works  which  he  now  published  bear  ample  testimony  to  his  well- 
founded  reputation.  Nor  was  it  in  England  alone  that  his  merits 
were  recognized.  In  France,  in  Germany,  in  Italy,  wherever  men 
of  science  were  to  be  found,  the  name  of  Edward  Forbes  was  equally 
acknowledged  as  deserving  a  place  in  the  first  rank  of  scientific 
merit. 

Towards  the  end  of  1846,  he  published  with  Lieut.,  now  Captain, 
Spratt  an  account  of  his  travels  in  Lycia,  awork  in  which  we  are  at  a  loss 
to  know  whether  most  to  admire  the  admirable  details  of  archaeology 
and  art,  or  the  equally  graphic  description  of  the  botany,  geology,  and 
zoology  which  it  contains.  About  this  time  appeared  m  the  Proceed- 
ings and  Transactions  of  our  Society  his  Monograph  on  the  South 
Indian  Fossils  sent  to  this  country  by  MM.  Kaye  and  Cunliffe  and  the 
Rev.  W.H.  Egerton.  The  report  itself,  indqiendently  of  the  description 
of  the  fossils,  is  short,  but  it  is  not  the  less  important,  and  is  eminently 
characteristic  of  the  author.  He  points  out  the  general  resemblance  of 
the  fades  of  the  fossils  to  that  of  the  Cretaceous  period  of  Europe,  and 
more  particularly  the  lower  portions  of  that  series.  His  arguments  are 
drawn  rather  from  similarity,  than  from  identity  of  species;  a  subject 
to  which  he  had  particularly  directed  his  attention  during  his  re* 
searches  in  the  .^ean  Sea.  The  report  is  pre-eminently  suggestive^ 
and  I  would  particularly  mention  that  portion  of  it  which  refers  to 
the  occurrence  in  these  Cretaceous  beds  of  certain  forms  which  are 
usually  considered  as  characteristic  of  Tertiary  formations,  and  which 
very  forms  are  now  found  in  their  greatest  assemblages  Uving  in* 
those  eastern  seas, — a  fact,  which,  he  observes,  goes  far  to  support 
the  theory,  that  ^nera,  like  species,  have  geographical  birthplaces  aa 
well  as  geographical  capitals. 

About  this  time,  abo,  he  wrote  one  of  the  most  remarkable  contri- 
butions to  the  science  of  Geology  which  has  appeared  in  this  country. 
It  is  published  in  the  first  volume  of  the  Memoirs  of  the  Geological 
Survey  of  Great  Britain^  and  is  entitled  ^'  On  the  Connexion  between 
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the  Distribation  of  the  existing  Fauna  and  Flora  of  the  British  Isles* 
and  the  Greological  changes  which  have  affected  their  area."  '^In 
this  work,"  to  nse  words  already  printed,  ^*  the  happy  combination 
of  great  botanical  and  zoological  knowledge  is  made  to  bear  on  some 
of  the  most  intricate  inquiries  with  regard  to  the  age  and  relationship 
of  the  rocks  of  Great  Britain." 

Mr.  Homer,  when  President  of  this  Society,  has  borne  his  ready 
testimony  to  the  merits  of  this  work,  when  he  says  in  his  Anniversary 
Address  in  1847f  that  this  Essay  ''is  an  admirable  example  of  the 
light  to  be  derived  from  other  branches  of  natural  history  in  the 
prosecution  of  geological  inquiries ;  of  the  application  of  animal  and 
vegetable  physiology,  and  a  knowledge  of  the  habits  and  distribution 
of  animals  and  plants  to  the  elucidation  of  very  difficult  problems  in 
geology."  Mr.  Homer,  in  the  Address  from  which  I  have  quoted 
these  words,  has  g^ven  an  admirable  account  of  this  interesting  and 
attracdve  memoir,  so  suggestive  as  it  is  of  great  and  enlightened  views. 
I  will  therefore  here  omy  observe,  that  the  principal  theory  which 
it  is  the  object  of  this  Essay  to  establish,  is  based  on  the  assumption 
of  the  existence  of  specific  centreSy  that  is,  of  certain  geographical 
points  from  which  the  individuals  of  each  species  have  been  difiused, 
involving  their  consequent  descent  from  a  smgle  progenitor,  or  from 
two,  according  as  the  sexes  might  be  united  or  distinct.  Prof.  Forbes 
fiirdier  declares,  as  his  opinion,  that  the  ''  abandonment  of  this  doc« 
trine  would  place  in  a  very  dubious  position  all  evidence  the  palseon-* 
XxAopat  could  offer  to  the  geologist,  towards  the  comparison  and 
identification  of  strata,  and  Uie  determination  of  the  epoch  of  their 
formation."  Having  assumed  the  tmth  of  the  doctrine  of  specific 
oentres,  the  problem  which  he  proposes  to  solve  is  the  origin  of  the 
assemblages  of  the  animals  and  plants  now  inhabiting  the  British 
Islands.  \¥ithin  this  Umited  area  he  considers  that  the  united  labours 
of  British  naturalists  have  shown  that  there  are  a  great  number  of 
animals  and  plants  which  are  not  universally  dispersed,  but  are  con* 
gregated  in  such  a  way  as  to  form  distinct  regions  or  provinces.  The 
vegetation,  for  instance,  presents  five  well-marked  Floras,  four  of 
which  are  restricted  to  definite  provinces,  whilst  the  fifth,  besides 
exclusively  claiming  a  part  of  the  area,  overspreads  and  commingles 
with  all  the  others. 

Prof.  Forbes  considers  that,  of  the  three  given  modes  by  which  an 
isolated  area  may  become  peopled  by  animals  and  plants,  ''immigra- 
^OQ  before  isolation"  of  the  area  was  the  mode  by  which  the  British 
bles  have  chiefly  acquired  their  existing  flora  and  fauna,  terrestrial 
as  well  as  marine,  and  that  it  took  place  subsequently  to  the  Miocene 
epoch.  It  follows  from  this  ai^ument,  that  previous  to  the  isolation 
of  this  area,  it  must  have  been  in  direct  union  with  those  portions  of 
the  European  continent  the  floras  of  which  are  shown  to  be  identical 
with  one  or  other  of  the  five  floras  of  the  British  isles.  I  will  briefly 
mention  the  five  distinct  floras  which  he  has  noticed,  and  the  districts 
^th  which  he  considers  they  prove  our  former  connexion. 

1.  The  West  Irish  Flora. — ^The  high  lands  in  the  north  of  Spain 
present  the  nearest  point  where  a  vegetation  occurs  identical  with 
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tliat  which  is  characteristic  of  the  moimtaiiions  ^strict  of  the  west 
and  BOiith-west  of  Ireland.  Consequently,  at  some  period  or  other, 
continuous  dry  land  must  have  existed  from  the  coast  of  Spain  to 
that  of  Ireland. 

2.  The  Devon  Flora,  connected  with  that  of  the  Channel  Islands 
and  the  neighbouring  parts  of  France. 

3.  The  Kentish  Flora. — The  vegetation  of  the  south-east  of  Eng- 
land is  distinguished  by  the  presence  of  a  number  of  species  common 
to  this  district  and  the  opposite  coast  of  France. 

4.  The  Alpine  Flora.---On  the  tops  of  some  of  our  most  lofty 
mountains,  particularly  in  Scotland,  are  plants  not  found  elsewhere 
in  the  British  islands,  but  which  are  identical  with  those  of  the  Scan- 
dinavian Alps,  thus  pointing  to  a  former  connection  in  that  direction. 

5.  The  6eneral  Flora. — ^This  universal  flora  is  almost  identical  as 
to  species  with  the  flora  of  central  and  western  Europe,  and  may  be 
properly  styled  Germanic. 

The  arguments  by  which  these  views  are  maintained  are  clearly  and 
satisfactorily  developed,  but  must  be  read  and  studied  to  be  appre- 
ciated. That  portion  of  the  paper,  hoWever,  which  relates  to  the 
distribution  of  the  marine  plants  and  animals  now  inhabiting  the 
British  seas  is  still  more  deserving  of  careful  study.  The  account  of 
the  distribution  of  the  British  MoUusca  is  particularly  so :  it  con- 
tains a  mass  of  information  on  the  subject,  not  to  be  found,  at  the 
time  of.  its  publication,  in  any  one  work,  and  of  the  greatest  value  to 
the  student  of  Tertiary  geology.  I  will  only  mention  one  or  two  of 
the  more  interesting  points  with  which  the  memoir  concludes. 

"That  the  flora  and  fauna,  terrestrial  and  marine,  of  the  British 
Islands  and  seas  have  originated,  so  far  as  that  area  is  concerned, 
since  the  Miocene  epoch. 

'*  The  greater  part  of  the  terrestrial  animals  and  flowering  plants 
now  inhabiting  the  British  Islands  are  members  of  specific  centres 
beyond  their  area,  and  have  migrated  to  it  over  continuous  land, 
before^  durine,  or  after  the  glacial  epoch. 

"  All  the  changes  before,  during,  or  after  the  glacial  epoch  appear 
to  have  been  gradual  and  not  sudden,  so  that  no  marked  line  of  de- 
marcation can  be  drawn  between  the  creatures  inhabiting  the  same 
element  and  the  same  locality  during  two  proximate  periods." 

Of  the  many  sdentiflc  papers  of  great  merit  which  Prof.  Forbes 
subsequently  pubhshed,  in  our  own  and  other  Journals,  I  will  only 
allude  to  one,  which  in  this  room  cannot  be  passed  over  in  silence. 
In  his  paper  '  On  the  Fluvio-marine  Tertiaries  of  the  Isle  of  Wi^ht,' 

Eublished  in  the  9th  Vol.  of  our  Quarterly  Journal,  the  result  ot  the 
iborious  investigations  of  several  months,  he  has  established,  on  data 
which  cannot  be  questioned^  the  true  order  ot  superposition  of  the 
upper  tertiary  beds  of  that  typical  locahty,  correcting  the  errors  of 
previous  inquirers,  and  confirming  a  suggestion  made  by  Mr.  Prest- 
wich,  that  the  strata  composing  a  part  of  Hempstead  Hill  were  pro- 
bably higher  than  any  beds  hitherto  noticed.  The  result  of  Prof. 
Forbes's  inquiries  has  been  to  show  that,  taking  the  Whitediff  Bay 
section  for  an  example*  the  Headon  Hillbed^,  instead  of  coastitsting 
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tbe  hif^hest  poirtion  of  the  series;  are  overlaid  W  several  other  distinct 
formations,  consisting  of  the  St.  Helen's  or  Osborne  beds  and  the 
Bembiid^  series,  the  latter  consisting  of  several  distinct  divisions,  all 
diaractenaed  by  peculiar  fossils,  chiefly,  however,  freshwater  or  brack- 
ish. He  baa,  moreover,  distinctly  ascertained  that  the  Hempstead 
Hill  aeries  constitutes  another  subdivision  overlying  the  uppermost 
bed  of  the  Bembridge  Series,  and  characterized  bv  a  ^esh  set  of  fossils. 
** Thua,"  to  use  the  author's  words,  ''we  find  that  the  fluvio*marine 
Eocenes  of  the  Isle  of  Wight  are  more  than  twice  as  thick  as  they 
have  hitherto  been  regarded,  and  that  the  additional  beds  are  even 
of  jmater  geological  importance  than  those  hitherto  recognized." 

The  remarkable  feature  in  this  section  is,  that  from  the  Barton 
seriea  upwards  there  is  no  break  in  the  series  of  deposits ;  and  as 
Prof.  Forbes  identifies  the  Hempstead  series  with  the  middle,  and 
possibly  the  upper  Limburg  beds  of  Belgium,  be  is  lodcally  led  to 
the  conclusion,  that  the  Limburg  beds,  and  consequenuy  the  Wein- 
heim  beds  of  the  Mayence  basin,  which  are  unquestionablv  of  the 
same  age  as  the  Middle  limburg,  must  be  also  Eocene.  Other  con- 
tinental beds  are  also  referred  to  as  necessarily  belonging  to  thii 
Eocene  period.  This  is  not  the  place  to  offer  any  criticism  on 
Edward  Forbes's  conclusions,  but  I  may  perhaps  hereafter  allude  to 
the  queation,  for  the  purpose  of  testing  wneth^  there  may  not  exist 
some  flaw  in  the  argument,  by  which  so  many  of  the  younger  conti- 
nental beds  are  drawn  into  this  Eocene  vortex. 
'  During  this  period  Prof.  Forbes  was  not  only  most  industrious  with 
his  pen,  but  he  was  unwearied  in  his  arrangement  and  classification 
of  the  vast  accumulation  of  fossils  collected  by  the  Ordnance  Geolo- 
gical Survey,  and  now  exhibited  in  the  Jermyn  Street  Museum.  He 
waa  no  less  active  in  the  field  with  his  hammer  and  his  note-book. 
He  not  only  explored  various  parts  of  England,  Wales,  and  Ireland, 
bat  he  visited,  with  the  same  observant  eye*  and  comprehensive 
glance,  many  portions  of  Belgium  and  of  France,  carefully  comparing 
their  various  aspects  and  phsenomena,  and  procuring  materials  for 
Us  phSoaophicu  generalizations. 

'  It  ia  unnecessary  for  me  to  remind  you  of  the  satisfaction  with 
which  we  hailed  his  appointment  to  the  Presidentship  of  this  Society, 
looking  forward  to  the  influence  of  his  profound  knowledge  of  palse- 
ontolc^  on  the  future  progress  of  our  science.  But  scarcely  had  he 
occupied  this  chair  for  naif  the  allotted  term,  when  the  death  of  his 
dd  master.  Prof.  Jameson,  was  announced  in  this  metropolis.  The 
universal  voice  of  science  was  not  slow  in  recognizing  Edward  Forbes 
IS  the  man  who,  above  all  others,  both  as  a  naturalist  and  a  geologist, 
was  most  fitted  to  succeed  him.  At  the  same  time,  I  am  bound  to 
say,  that  while  we  were  aU  ready  to  congratulate  him  on  the  prospect 
of  tihua  reaching  the  highest  goal  which  a  true  naturalist  could  desire, 
we  looked  forward  with  regret  to  the  prospect  of  his  removal  from 
our  circle.  Nor  was  this  grief  altogether  free  from  a  feeling  of 
shame,  that  this  vast  dty,  with  its  wealth,  its  display,  its  riches,  its 

eand  private  associations,  its  great  collections,  its  lavish  expen- 
and  in  many  reapecta  ita  unbounded  hberality,  eouU  propoaa 
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no  prize,  no  reward  to  the  scientific  man  worthy  to  be  placed  in  com- 
petition with  that  o£fered  by  the  northern  capital.  Little  did  we 
then  imagine  that  the  regret  we  felt  at  his  departure  from  amongst 
us  was  destined  to  be  so  soon  merged  in  another,  as  oyerwhelming  as 
it  was  altogether  unexpected.  Little  did  we  imagine  that  the  fond 
anticipations  of  a  long  and  glorious  career  for  our  friend,  in  which 
we  then  indulged,  were  doomed  to  be  so  speedily  destroyed. 

Prof.  Forbes  was  appointed  to  the  vacant  Chair  of  Natural  History^ 
in  the  University  of  Edinburgh.  He  had  thus  obtained  the  great 
object  of  his  Ufe.  An  intimate  friend^  writing  in  one  of  the  £din-> 
burgh  journals,  says  that  he  considered  all  his  plans,  excursion^ 
observations,  &c.,  as  preparatory  to  this  one  object.  During  his 
active  and  laborious  life,  all  his  hopes  and  future  plans  pointed  to 
Edinburgh  as  the  only  appropriate  place  for  developing  that  vast 
amount  of  natural  history  acquirement  he  had  obtained.  There  he 
looked  forward,  amongst  other  things  which  his  eager  fancy  had 
prepared  for  him,  to  the  formation  of  a  magnificent  museum,  arranged 
according  to  that  system  which  for  years  he  had  been  zealously  ma« 
turing.  Nor  can  there  be  any  doubt,  but  that  with  the  liberal  sup- 
port of  Government,  assisted  by  that  of  private  individuals,  he  would 
have  been  enabled  in  a  few  years  to  carry  out  his  plans.  But  alas ! 
scarcely  had  he  reached  that  goal  which  lie  had  spent  his  whole  life 
in  endeavouring  to  attain,  and  which  he  was  anxiously  preparing  to 
adorn  with  all  the  ornaments  of  science  collected  from  every  quarter 
of  the  globe,  when  he  was  suddenly  carried  off  by  the  inscrutable 
decrees  of  Providence ;  and  the  glorious  fabric  he  had  erected,— 
that  mental  storehouse  filled  with  the  treasures  of  many  years'  coU 
lecting,  fell  to  pieces  before  our  eyes,  and  nothing  remained  but  the 
broken  fragments  and  the  shattered  scaffolding,  to  be  again  dispersed 
and  scattered,  without  system  and  without  order,  until  they  should 
be  again  hereafter  collected  together  with  infinite  labour  and  fatigue 
by  some  future  master-mind. 

The  fate  of  Sir  John  Franklin  has  long  been  a  mystery  to  his 
countrymen :  he  has  probably  long  ceased  to  be  a  member  of  this 
Society.  It  is,  however,  only  during  the  course  of  the  past  session 
that  any  authentic  information  has  reached  this  country  that  the 
gallant  explorer  of  the  Arctic  regions,  with  his  adventurous  followers^ 
had  ceased  to  exist.  Far  from  their  ships,  which,  in  the  extremity  of 
danger  and  a  hard  struggle  for  hfe,  they  must  have  abandoned,  and 
after  vainly  endeavouring  to  reach  a  more  southern  and  hospitable 
region  through  a  trackless  desert,  their  remains  were  discovered  by 
travelling  Esquimaux,  from  some  of  whom  portions  of  their  property 
were  obtained.  These  were  rescued  by  the  intrepid  Dr.  Rae,  who  had 
gone  in  search  of  them  overland,  and  who  brought  back  the  melan- 
choly certitude  of  their  fate.  Their  bones  now  lie  whitening  on  the 
Arctic  shore,  or  beneath  fields  of  eternal  snow.  By  what  means 
they  reached  that  spot,  or  how  they  perished,  will  probably  never  be 
known ;  but  their  memories  will  ever  be  cherished  as  of  men  who 
risked  and  sacrificed  their  lives  in  tbe  performance  of  duty  and  of 
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adentific  inquiiy,  and  I  trust  I  may  also  add^  as  the  last  instalment 
of  Yiduable  lives  sacrificed  to  a  vain  and  chimerical  attempt  to  dis- 
oover  that  which,  could  it  ever  be  discorered,  would  be  alike  unpro- 
fitable and  nnavidlable. 

Rear-Admiral  Sir  John  Franklin  was  bom  at  Spilsby  in  the  year 
1786,  and  performed  his  earliest  service  in  the  navy  in  the  first  year 
of  this  century,  as  a  midshipman  on  board  of  the  Polyphemus  at  the 
battle  of  Copenhagen.  Sailing  afterwards  with  Capt  Flinders  to 
Australia,  he  acquired  that  skill  in  surveying  and  that  power  of  ob- 
serration  which  characterized  his  subsequent  career.  After  serving 
in  the  engagement  against  Admiral  Linois  in  the  Straits  of  Malacca, 
he  next  acted  as  signal-midshipman  of  the  Bellerophon  in  the  glorious 
victoiy  of  Trafalgar ;  and,  lasUy,  towards  the  conclusion  of  the  great 
war,  his  gallantry  was  again  displayed  conspicuously  in  the  naval 
attack  upon  New  Orleans,  for  which  conduct  he  obtained  his 
fieatenancy. 

A  peace  being  established  which  promised  a  long  duration,  Franklin 
sought  to  be  employed  in  the  most  adventurous  service  in  which  a 
seaman  could  then  be  engaged.  He  obtained,  through  the  patronage 
of  Sir  Joseph  Banks,  the  command  of  the  surveying  vessel,  the  Trent, 
bemg  one  of  two  ships  under  the  orders  of  Capt.  Buchan,  destined  to 
penetrate  into  the  Polar  seas ;  on  that  occasion  Franklin  not  only 
reached  the  high  latitude  of  84''  34"  N.  kt.  in  the  meridian  of  Spitz- 
beigen,  but  evinced  a  strong  desire  to  be  allowed  to  proceed  onwards 
alone,  in  the  endeavour  to  effect  a  thorough  passage. 

The  undaunted  and  inflexible  perseverance  which  he  exhibited  in 
his  explorations  off  the  coast  of  North  America,  between  the  years 
1819  and  1822,  both  inclusive,  is  well  known  to  the  public  through 
the  clear  and  emphatic  productions  of  his  own  pen.  As  geologists, 
however,  we  must  specially  remember,  that  the  rock-specimens  then 
brought  home  by  Franklin  and  his  associate,  the  eminent  naturalist, 
Richardson,  first  revealed  to  us  the  structure  of  those  distant  and 
inaccessible  regions. 

On  his  return  to  England,  however,  Franklin  felt  so  strongly  the 
want  of  better  geological  knowledge  on  his  own  part  and  on  that  of 
his  officers,  that  when  appointed  to  the  command  of  the  next  Arctic 
expedition,  on  which  he  sailed  in  1825,  he  took  his  first  lessons  in 
our  science  at  the  museum  of  our  Society,  accompanied  by  his  dis- 
tinguished companions.  Back  and  Bichardson.  At  these  morning 
meetings  our  much-respected  former  President,  Dr.  Fitton,  was  the 
instructor,  assisted  by  Mr.  T.  Webster,  then  our  secretary;  Sir 
Roderick  Murchison,  who  has  informed  me  of  these  circumstances^ 
heme  then  also  one  of  the  learners. 

T^e  intimacy  thus  commenced  continaed  till  Franklin's  last  depar- 
ture from  the  shores  of  Britain  in  1845  ;  for  whether  he  was  tread- 
ing unknown  tracts  of  North  America,  or  commanding  the  Rainbow 
legate  in  the  Mediterranean,  or  performing  the  duties  of  Governor  of 
Van  Diemen's  Land,  our  deceased  member,  having  been  knighted 
by  his  sovereign  and  duly  honoured  by  various  public  bodies, 
never  ceased  to  correspond  with  his  scientific  friends,  including  Mr. 
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Robert  Brown,  the  enlightened  botanist,  and  the  old  officers  of  this 
Society,  Fitton  and  Miirchison ;  sending  to  them  also  any  specimens 
or  descriptions  which  might,  he  thought,  advance  human  know- 
ledge. 

As  Sir  John  Franklin  united  the  warmest  heart  and  kindest  man- 
ners to  a  solid  understanding,  it  naturally  followed  that  his  friends 
took  an  intense  interest  in  promoting  all  those  endeavours  to  rescue 
him  and  his  followers  from  their  last  perilous  voyage,  and  in  encou- 
raging every  effort  directed  to  that  end,  whether  made  by  the  Govern- 
ment or  by  the  magnanimous  Lady  of  the  missing  chief.  The  suc- 
cessive Presidents  of  the  Royal  Geographical  Society,  and  particularly 
Sir  B.  Murchison,  stimulated  our  rulers  to  make  every  possible  re- 
search which  might  lead  to  the  timely  discovery  of  the  absent  voy- 
agers. How  some  one  of  the  earliest  of  these  efforts  might  have 
succeeded,  had  it  taken  a  southerly  direction  from  Barrow's  Straits, 
is  indeed  now  established  by  the  melancholy  announcement  made  by 
Dr.  Rae ;  for,  although  the  party  was  supplied  with  provisions  for 
three  years  only,  we  now  know  that  a  large  remnant  of  the  force  had 
certainly  sustained  life  for  five  years. 

The  late  Professor  Jameson  was  the  third  son  of  Thomas  Jame^ 
son,  Esq.,  and  was  bom  at  Leith  on  the  1 1th  July,  1 774.  In  his  early 
years  he  showed  a  strong  desire  to  become  acquainted  with  naturtd 
objects,  the  study  of  which  he  evidently  preferred  to  that  of  books 
and  letters.  His  first  attempts  were  made  in  stuffing  birds,  and  in 
collecting  adimals  and  plants  on  the  beach  of  Leith  and  its  vicinity. 
A  strong  desire  to  travel  was  the  result  of  his  favourite  pursuits,  and 
his  father  ultimately  yielded  to  his  oflen-repeated  wish  to  enter  on  the 
profession  of  a  mariner ;  but  his  friends  interposed,  and  su^ested 
that  by  adopting  the  study  of  medicine,  he  might  equally  be  enabled 
to  study  the  works  of  nature.  He  yielded  in  his  turn,  and  was 
^pointed  assistant  to  the  late  John  Cheque  Esq.,  surgeon  in  Leith. 
He  commenced  his  study  of  natural  history  in  1 792,  under  Dr.  Walker, 
thenProfessor  of  Natural  History  in  the  College  of  Edinburgh,  and  soon 
became  a  favourite  pupil.  In  1 793  he  visited  London,  and  became 
acquainted  with  the  principal  scientific  men  of  the  metropolis,  and 
ever  after  spoke  of  the  pleasure  and  benefit  he  had  derived  from  his 
intercourse  with  Sir  Joseph  Banks,  Mr.  Dryander,  Dr.  Shaw,  and 
other  leading  members  of  the  Linnsean  Society.  With  the  exception 
of  comparative  anatomy,  he  now  abandoned  all  idea  of  pursuing  his 
medical  studies.  His  attention  was  directed  to  that  of  ornithology 
and  entomology,  then  of  chemistry,  and  subseouently  of  mineralogy 
and  geology,  including  a  thorough  knowledge  ot  analytical  chemistry. 
In  1797  Prof.  Jameson  paid  his  first  visit  to  the  island  of  Arran, 
and  in  the  following  year  he  published  his  work  on  the  *  Mineralogy 
of  the  Island  of  Arran  apd  the  Shetland  Islands,  with  Dissertations 
on  Peat  and  Kelp.'  It  was  the  first  good  geological  account  of  these 
places  and  fom^tions,  and  soon  acquired  a  well-merited  celebrity. 
He  subsequently  visited  other  portions  of  Scotland,  and  in  1800 
published  his  '  Mineralogy  of  the  Scottish  Isles,'  in  two  vols.  4to, 
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iDtistrated  with  maps  and  plates.  This  work  contained  the  first 
sketdi  of  the  geology  of  the  Hehrides  and  the  Orkneys. 

But  the  real  period  of  Jameson's  celebrity  as  a  mineralogist  and  a 
geologist  dates  nrom  the  year  1800,  when  he  left  his  native  country 
for  Freybnig,  where  he  remained  nearly  two  years  studying  mine- 
ralogy and  geology  under  the  famous  Werner.  Jameson  fully  ac- 
knowledged that  it  was  from  him  he  first  derived  clear  and  distinct 
views  of  the  structure  and  classification  of  rocks.  This  opinion  is 
confirmed  by  Conybeare,  who  says,  "  We  are  chiefly  indebted  to  the 
reports  of  Wemer^s  pupils,  especially  to  those  of  Jameson,  for  our 
knowledge  of  Werner's  generid  views,  so  AiUy  developed  in  his  lec- 
tures, and  there  only."  Jameson  also  observed,  in  a  passage  which  is 
too  important  not  to  be  quoted  on  this  occasion,  pointing  as  it  does 
to  the  very  fundamental  principle  of  all  our  modem  geological  inves- 
tigations, that  ''Werner  taught  that  mineralogical  and  geological 
characters,  and  characters  derived  from  organic  remains,  were  to  be 
employed  in  determining  formations,  and  that  probably  the  same 
general  geological  arrangements  would  be  found  to  prevail  through- 
out the  earth.  But,"  he  added,  "  the  truth  or  falsity  of  this  view  in 
regard  to  the  similarity  of  formations,  can  only  be  determined  by  the 
united  labours  of  geologists  continued  for  a  long  series  of  years." 
This,  it  may  be  observed,  is  the  very  position  our  science  now  occu- 
pies, tracing  out  geological  formations  from  one  hemisphere  to  the 
other,  referring  the  fossils  of  India  to  the  age  of  the  Chalk  of  Eng- 
land, and  comparing  the  Palaeozoic  fossils  of  Australia  with  those  of 
Ghreat  Britain  and  America.  Thus,  as  Prof.  Jameson  admitted,  it  is 
to  Werner  that  we  are  principally  indebted  for  our  present  highly 
interesting  views  of  the  natural  history  of  fossil  organic  remains;  and 
in  confirmation  of  this  opinion.  Prof.  Jameson  at  a  subsequent  period 
vindicated  the  geognosy  of  Werner  from  the  attacks  made  upon  it  by 
the  Edinburgh  Review. 

In  1804  Jameson  returned  to  England  in  consequence  of  the  state 
of  his  father's  health.  Shortly  afterwards,  on  the  death  of  Dr.  Walker 
in  the  same  year,  Jameson  was  appointed  Professor  of  Natural  His- 
tory ;  and  from  that  period,  by  his  admirable  lectures,  founded  in  a 
great  measure  on  the  sound  mineralogical  and  geological  views  of  his 
mend  and  master  the  Professor  of  Freyburg,  he  raised  the  Edinburgh 
sdiool  of  Natural  History  to  the  proud  pre-eminence  it  has  occupied 
for  the  last  half-century.     In  the  same  year,  he  published  the  first 

Cof  the  first  volume  of  his  '  Mineralogical  Description  of  Scot- 
;'  his  other  labours,  however,  prevented  the  completion  of  the 
work.  In  1808  he  founded  at  Edinburgh  the  Wemerian  Natural 
History  Society,  of  which  he  was  elected  perpetual  President. 

In  1809  he  published  the  'Elements  of  Geognosy,'  a  work  which 
contributed  more  to  introduce  the  doctrines  of  the  Wemerian  school 
into  England  than  any  other  publication  ;  and  ftom  this  time  may  be 
dated  the  antagonism  between  the  Wemerian  and  the  Huttonian 
doctrines,  as  advocated  by  the  northem  geologists.  Nor  was  the 
spirit  of  partisanship  thus  engendered  altogether  useless,  inasmuch 
as  its  final  effect  was  to  call  attention  to  the  study  of,  and  to  diffuse  a 
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more  general  taste  for  geology.  Independently  of  this,  the  modifi- 
cation of  the  Neptunian  theory  as  adopted  by  Werner,  and  in  which 
form  Prof.  Jameson  introduced  it  to  the  notice  of  his  countrymen, 
has  been  proved  by  the  test  of  modem  science  to  be  more  consistent 
with  the  phsenomena  of  Nature  than  the  Plutonian  views  of  its  ad- 
yersaries.  It  has  served  to  introduce  a  more  methodical  study  of  the 
different  formations  of  the  earth's  crust,  in  harmony  with  the  nume- 
rous organic  remains  which  they  contain,  and  which  never  could 
have  been  reconciled  with  the  doctrines  of  the  Huttonian  theory. 

In  1813,  at  the  suggestion  of  Professor  Jameson,  a  translation  of 
Leopold  von  Buch*s  'Travels  through  Norway  and  Lapland  in  1806, 
1807,  and  1808,*  was  published  by  Mr.  Black, — Jameson  himself 
adding  to  the  interest  of  the  work  by  an  account  of  the  author,  and  by 
various  notes  illustrative  of  the  natural  history  of  Norway.  In  181 6, 
another  edition  of  the  *  System  of  Mineralogy '  made  its  appearance 
in  three  volumes ;  and  at  the  same  time  a  new  edition  of  his  '  Cha- 
racters of  Minerals'  was  called  for.  Other  editions  of  both  works 
followed.  In  1819,  he  commenced  the  'Edinburgh  Philosophical 
Journal.'  For  the  first  six  years  he  conducted  it  with  Sir  David 
Brewster,  but  since  that  period  he  was  the  sole  editor.  It  extends 
to  seventy  volumes,  and  is  one  of  the  most  valuable  repositories  of 
scientific  information  in  Britain.  It  will  ever  form  one  of  the  most 
durable  monuments  of  his  talents  and  industry. 

But  while  Jameson  was  thus  exerting  himself  in  Edinburgh  to 
propagate  sound  and  correct  views  respecting  the  geological  ph«e- 
nomena  of  the  earth's  crust,  another  aistinguished  naturalist  was 
labouring  in  another  capital  to  bring  about  the  same  results  by  the 
help  of  comparative  anatomy. 

In  1821,  the  immortal  Cuvier  published  his '  Discourse  on  the 
Theory  of  the  Earth,'  as  an  introduction  to  his '  Researches  on  Fossil 
Bones.'  To  Professor  Jameson  we  are  indebted  for  the  pubhcation 
of  a  translation  of  this  work  made  by  Mr.  Kerr.  On  this  work 
Jameson  observes : — "  The  notes  I  have  added  will,  I  trust,  be  found 
interesting,  and  the  account  of  Cuvier' s  'Geological  Discoveries' 
which  accompanies  them  will  be  useful  to  those  who  have  not  an 
opportunity  of  consulting  the  great  work."  This  popular  work  pro- 
duced an  excellent  effect  in  this  coimtry,  for  Cuvier  was  but  partudly 
known  in  England  until  this  essay  appeared.  It  rapidly  ran  through 
five  editions :  in  the  fifth.  Professor  Jameson  entirely  remodelled  it» 
extending  it  from  190  to  550  pages. 

During  this  period  he  also  contributed  many  articles  to  the  '  En- 
clopeedia  Britannica'  and  to  the  '  Edinburgh  Encyclopedia ;'  and  on 
the  return  of  Captain  Parry  from  his  Polar  Expedition  he  drew  up, 
from  the  specimens  brought  home,  a  sketch  of  the  geology  of  the 
different  coasts  discovered  and  touched  at  by  that  enterprising  navi- 
gator. But  it  would  be  occupying  too  much  of  your  time,  to  enume- 
rate the  various  works  which  flowed  from  his  ever-ready  pen.  I 
cannot,  however,  conclude  this  n6tice  without  briefly  alludmg  to  one 
point  respecting  which  Professor  Jameson  deserves  the  greatest 
praise,  both  for  what  he  effected  and  for  what  he  endeavoured  to 
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effect.  The  present  Musenm  of  Natural  History  in  Edinburgh  is 
the  result  of  Jameson's  unceasing  industry  and  efforts.  The  col- 
lections which  existed  before  his  time  were  almost  entirely  removed 
by  the  Trustees  of  his  predecessor  Dr.  Walker ;  and  the  nucleus  of 
the  present  magnificent  collection  was  Professor  Jameson's  priyate 
property,  when  he  was  called  to  fill  the  chair  of  Natural  History. 
He  laboured  incessantly  to  render  it  worthy  of  the  place ;  but  the 
means  placed  at  hb  disposal^  both  by  the  Town  CouncU  and  the 
Goyemment,  were  inadequate  to  the  task,  and  it  was  not  without  great 
priyate  outlay  that  Professor  Jameson  raised  it  to  its  present  state. 
In  fact  it  may  be  said  that  the  present  Museum  was  founded, 
created,  arranged,  and  exposed  for  public  exhibition  by  the  head  and 
the  industrious  hands  of  Jameson  alone.  Professor  Jameson  died  in 
Edinburgh,  at  the  age  of  eighty,  on  the  19th  of  April,  1854. 

The  name  of  Arthur  Aikin  is  associated  with  the  earliest  days 
of  the  existence  of  our  Society.  In  that  Charter  which  forms  tne 
basis  of  our  constitution,  his  name  occurs  as  one  of  the  founders  of 
this  Society.  He  was  bom  at  Warrineton,  in  Lancashire,  on  the 
19th  MtL^y  1773.  The  grandson  of  John  Aikin,  D.D.,  eminent  for 
his  learning  and  abilities,  he  eyiaced  at  an  early  age  a  decided  loye 
for  literature  and  science,  and  from  his  father  deriyed  a  taste  for 
Zool(^,  for  Chemistry,  and  for  English  Botany.     An  early  ac- 

2uaintance  with  Dr.  Priestley,  of  whom  he  subsequently  became  a 
lyourite  pupil,  and  whom  he  assisted  in  the  arrangement  of  a  new 
laboratory,  confirmed  him  in  his  predilection  for  Chemistry.  In 
1797  he  published  an  account  of  a  tour  in  North  Wales,  made  in  the 
previous  year  in  company  with  his  brother  Charles  and  another 
friend,  under  the  title  of  *  Journal  of  a  Tour  in  North  Wales  and 
part  of  Shropshire,  with  obseryations  in  Mineralogy  and  other 
branches  of  Natural  History.'  At  a  subsequent  period,  in  con- 
junction with  his  brother,  he  deliyered  lectures  on  Chemistry  and 
Chemical  Manufactures,  of  which  a  syllabus  appeared  in  1 799.  In 
1807  he  published  'A  Dictionary  of  Chemistry  and  Mineralogy,' 
2yols.  4to;  and  in  1814,  'An  account  of  tlie  most  recent |(U8- 
coyeries  in  Chemistry  and  Mineralogy.' 

But  before  this  time  Arthur  Aikin  had  become  conspicuous  as  one 
of  that  distinguished  band  of  scientific  men  who  contributed  to  the 
formation  of  the  Geological  Society  of  London,  and  founded  it  in 
1807;  soon  afterwards  his  knowle(^  of  mineralogy  and  chemistry 
must  haye  contributed  to  his  being  appointed  one  of  the  Secretaries 
of  the  Society.  In  the  first  yolume  of  the  first  series  of  our  Trans- 
actions, published  in  181 1,  his  name  appears  as  one  of  the  Members 
of  Council.  In  the  second  yolume,  published  in  1814,  he  appears 
as  one  of  the  Secretaries,  as  well  as  in  the  third  yolume,  pub- 
lished in  1816;  but  there  is  reason  to  belieye  that  he  became 
one  of  the  Secretaries  at  a  still  earlier  period.  In  the  first  yolume 
of  the  first  series  there  is  an  interestmg  paper  by  him,  enritled 
^*  Obseryations  on  the  Wrekin  and  on  the  Great  Coal  Field  of 
Shropshire ;"  and  in  the  third  yolume  is  another  with  the  title  of 
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**  Some  ObservatioiiB  on  a  Bed  of  Trap  occurring  in  the  CoUieir 
of  Birch  Hill,  near  Walsall,  in  Staffordshire."  These  papers,  like  aU 
those  published  b j  the  Society  at  that  period,  were  of  a  much  more 
mineralogical  character  than  those  now  constituting  the  bulk  of 
our  publications.  Palaeontology  had  then  made  but  little  pro- 
gress. Its  value  and  importance  in  assisting  our  knowledge  of  the 
relative  ages  of  rocks  was  hardly  recognize^  nor  amongst  the  iUua- 
trations  which  accompany  the  early  volumes  are  there  any  figures  of 
organic  remains.  At  a  subsequent  period  he  was  appointed  to  the 
Secretaryship  of  the  Socie^  of  Arts ;  this  circumstance  is  supposed  to 
have  led  to  his  retirement  from  the  office  of  Secretary  to  this  Society ; 
but  he  continued  for  many  years  longer  to  serve  on  the  Council,  of 
which  he  was  a  member  for  the  last  time  in  1830.  One  of  the 
earliest  members  of  the  Society  who  knew  him  well  thus  writes  to 
me  of  him  : — "  He  had  a  very  logical  head,  and  a  calm  and  imper- 
turbable temper,  and  drew  up  abstracts  of  the  papers  read  at  the 
meetings  with  a  precision  that  might  stand  in  comparison  with  those 
of  Dr.  Wollaston  al  the  Royal  Society."  As  an  instance  of  character 
it  is  mentioned  that  in  early  life  he  had  been  a  minuter  of  the 
Unitarian  persuasion,  but  resigned  his  cure  on  conscientious  grounds. 
He  was  a  corresponding  member  of  the  Academy  of  Dijon,  &c.  He 
died  in  London,  on  the  15th  April,  at  the  advanced  age  of  eighty. 

Dr.  Stanoer,  the  able  and  energetic  naturalist  of  the  ill-fated 
Niger  Expedition,  was  bom  at  Wisbeach,  in  Cambridgeshire,  in  1812. 
He  took  his  degree  of  Doctor  of  Medicine  at  Edinburgh,  and  subse- 
quently visited  Australia.  He  afterwards  superintended,  under  the 
direction  of  the  Government,  the  construction  of  roads  near  Cape 
To?m,  then  returned  to  England,  and  settling  in  London,  commenced 
the  practice  of  his  profession. 

But  the  pursuit  of  natural  history  had  greater  charms  for  his 
enterprising  character.  In  1841  he  joined  the  Niger  Expedition 
under  Captain  H.  Trotter,  R.N.,  and  was  one  of  the  few  of  that 
gallant  but  unfortunate  band  who  were  not  struck  down  by  the 
devastating  fever  of  the  countiy.  It  was  mainly  owing  to  his  ener|^» 
assisted  by  Dr.  M'Williams,  that  one  of  the  steamers  was  brought 
down  the  river.  In  1845  he  was  appointed  Surveyor-General  to  the 
new  colony  of  Natal,  where,  with  the  exception  of  a  short  interval 
of  two  years  passed  at  home,  he  continued  until  his  death-  In  this 
young  colony  his  time  was  spent  between  the  conscientious  discharge 
of  the  duties  of  his  office  and  a  zealous  investigation  of  the  natural 
history  of  the  district.  But  the  pressing  calls  of  his  official  duties 
did  not  permit  of  his  reducing  to  order  his  many  observations  on 
natural  history.  One  of  his  last  contributions  to  botanical  science, 
to  which  he  was  particularly  devoted,  was  the  discovery  of  a  plant 
belonging  to  the  family  of  the  Cycadese,  combining  many  peculiar 
diaracters,  and  named  after  him  Stangeria,  There  is  now  a  plant 
of  it  in  the  Royal  Gardens  at  Kew,  producing  fruit.  Exhausted 
by  fatigue  and  cold,  after  travelling  from  Maritzburg  to  Natal  on 
horseback,  he  died  on  the  21st  liiuu'ch,  1854,  and  was  honoured 
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with  a  public  fnnenl  as  a  mark  of  the  respect  in  which  he  was  held 
by  the  authorities  and  inhabitants  of  the  district.  His  loss  is  the 
nore  to  be  regretted^  inasmuch  as  it  disappoints  those  hopes  held 
forth  by  mj  predecessor  last  year,  in  allusion  to  the  geolc^cal  dis- 
coreries  to  be  expected  from  Dr.  Stanger,  who  was  to  hare  under- 
taken an  official  geok>gical  exploration  of  the  province  of  Natal. 

Hie  Rev.  H.  M.  De  la  Condamine  was  a  member  of  the 
Council  at  the  period  of  his  decease.  In  him  we  have  to  deplore  the 
kwB  of  one  who  was  taking  an  active  interest  in  the  progress  of  the 
Society,  and  who  had  communicate^  to  us  only  a  short  time  previously 
lome  mteresting  papers  on  the  superficial  deposits  and  drift  beds  in 
the  neighbourhood  of  London.  Mr.  De  la  Condamine's  first  paper 
read  before  this  Society  was,  "  On  the  Tertiai^  Strata  and  their  Dis- 
k)cations  in  the  neighbourhood  of  Blackheath.  In  this  paper,  read 
January  5th,  1850*,  it  was  stated  that  the  cuttmgs  of  the  North 
Kent  Railway  had  yielded  some  good  sections  of  the  plastic  clay 
series,  and  had  disclosed  an  important  line  of  dislocation  at  Deptford. 
After  describing  the  effects  produced  by  this  dislocation,  he  states 
that  we  have  thus  a  distinct  hue  of  demarcation  between  the  lower 
snd  middle  Eocene  periods ;  and  then  observes  that  the  date  of  the 
dislocation  of  the  strata  must  have  been  posterior  to  that  of  the 
partial  denudation  of  the  London  clay. 

A  second  paper  was  read  by  Mr.De  la  Condamine  on  the  10th 
March,  1852,  "  On  a  reversed  fault  at  Lewisham."  It  is  accompanied 
by  diagrams  illustrating  the  action  of  the  forces  which  may  have  pro- 
duced the  dislocation.  The  profound  mathematical  knowledge  of 
the  Author,  for  which  he  was  remarkable,  is  well  exemplified  in  this 
paper.  On  the  4th  May,  1853,  Mr.  De  la  Condamine  read  another 
paper,  **  On  a  Freshwater  deposit  in  the  Drift  of  Huntingdonshire.'' 

He  was  actively  engaged  in  preparing  other  papers  for  our  Societ]r> 
when  we  were  suddenly  deprived  of  his  assistance.  One  great  merit 
of  Mr.  De  la  Condamine  was,  his  taking  up  some  of  those  minute 
points  which,  while  they  involve  very  abstruse  subjects,  offer  less  ap- 
parent attraction,  but  are  not  less  necessary  in  solving  important 
geol(^cal  problems,  than  the  grand  phsenomena  of  igneous  action,  or 
the  still  more  interesting  labour  of  working  on  older  beds  abounding 
m  the  weO'preserved  remains  of  organic  life. 

Me.  James  Hall  was  the  third  son  of  the  late  Sir  James  Hall 
of  Dunglas  Castle,  the  President  of  the  Royal  Society  of  Edinburgh, 
whose  name  can  never  be  referred  to  without  calling  forth  the  grati- 
tude of  geologists  for  his  valuable  experiments  respecting  the  &sion 
of  rocks  under  pressure.  Our  departed  associate  was  the  brother  of 
the  present  Sir  John  Hall,  and  of  the  late  Capt.  Basil  Hall,  R.N. 
Instead  of  following  his  father's  footsteps  in  the  pursuit  of  natural 
science,  he  devoted  himself  to  the  study  of  the  arts,  and  was  more 
practised  in  the  use  of  the  brush  and  easel  than  of  the  geological 
hammer.  He  was,  however,  a  constant  attendant  at  our  meetings. 
His  pictures  were  exhibited  at  the  British  Institution  and  at  ue 
*  Jonmal,  vol.  vi.  p.  440. 
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Boyal  Academy,  of  which  he  was  a  student.  He  was  the  author  of 
some  speculatiye  letters  on  Binocular  Perspectiye,  published  in  the 
Art  Journal ;  but  I  am  not  aware  that  he  contributed  any  papers  to 
the  Journal,  or  to  the  Transactions  of  our  Society.  He  died  on  the 
26th  October  last,  at  the  age  of  fifty-seven. 

I  can  only  briefly  mention  the  names  of  other  Members  of  our 
Society  whom  we  have  lost  during  the  past  year,  and  many  of  whom 
have  done  good  service  in  the  pursuit  of  geology.  We  deeply 
regret  the  loss  of  such  men  as  the  Rev.  Thomas  Egerton;  Mr. 
G.W.Ayhner;  Mr.  W.  Winterbottom ;  Mr.  Scobie;  Sir  T.  Frank- 
land  Lewis,  &c. 

The  only  loss  we  have  sustained  amongst  our  Foreign  Associates  is 
that  of  Dr.  Gotthelf  Friedrich  Fischer  de  Waldheim,  Pro- 
fessor of  Natural  History  in  the  University  of  Moscow.  He  was  bom 
at  Waldheim,  in  Saxony,  on  the  1 5th  October,  1771,  and  studied  mine- 
ralogy at  Freyberg,  with  Leopold  von  Buch  and  Baron  von  Humboldt, 
completing  his  medical  studies  at  the  University  of  Leipzic.  At 
Paris  he  subsequently  attended  the  lectures  of  Cuvier,  and  care- 
fully studied  the  natural-history  collections  of  thei  French  Museum. 
He  had  already  given  evidence  of  his  extensive  learning  by  numerous 
publications,  when,  in  1800,  he  was  appointed  Professor  of  Natural 
History  at  the  Central  School  of  Mayence.  On  his  arrival  there, 
however,  he  found  that  the  chair  had  been  given  to  another ;  and 
with  that  power  of  adaptation  which  belongs  to  true  genius,  he  at  once 
accepted  the  office  of  Librarian,  which  for  a  time  led  him  away  to 
other  studies,  particularly  typographical  antiquities.  On  this  sub- 
ject he  published  several  valuable  works  until  1804.  But  he  did 
not,  in  tne  mean  time,  neglect  his  favourite  pursuit ;  he  founded  at 
Mayence  a  ^tural  History  Society,  of  which  he  became  the  Secre- 
tary, and  in  1804  published  his  'Anatomic  der  Maki  und  der  ihm 
verwandten  Thiere.'  In  the  same  year  he  was  appointed  Professor 
and  Director  of  the  Museum  of  Natural  History  at  Moscow,  where 
a  new  field  was  opened  to  his  talents,  in  which  he  laboured  with 
zeal  and  energy  during  the  remainder  of  his  life.  In  the  year  1805 
he  founded  the  Society  of  Naturalists  of  Moscow,  and  published  the 
first  volume  of  his  '  Description  du  Museum  d'Histoire  Naturelle,' 
the  copper-plates  of  which  he  engraved  with  his  own  hands.  This 
Museum,  for  the  establishment  and  improvement  of  which  he  had 
so  strenuously  exerted  himself,  was  destroyed  during  the  conflagra- 
tion of  the  city  in  1812.  Such  a  calamity  would  have  gone  nigh 
to  overwhelm  an  ordinary  man.  Dr.  Fischer  rose  above  the  circum- 
stances, and  with  redoubled  ardour  immediately  set  to  work  to 
replace,  as  far  as  possible,  the  treasures  which  had  been  lost.  Such 
were  his  efforts,  and  such  was  the  success  with  which  they  were  at- 
tended, that  in  a  very  few  years  the  new  Museum  had  again  acquired  a 
valuable  collection  of  objects  of  natural  history.  He  had  now  begun 
to  direct  his  attention  more  exclusively  to  the  study  of  fossil  zoology, 
or  as  it  is  now  called.  Palaeontology.  In  the  '  Bibliographia  Zoologiae 
et  Geologic '  of  Agassiz,  published  by  the  Ray  Society,  there  are  no 
less  than  150  notices  of  separate  works  and  memoirs  in  journals  and 
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Transactions  published  by  bim  dnring  the  conrse  of  bis  Ions;  and 
laborioos  life.  Among  tbese  are  many  bearing  directly  on  our  saence, 
and  which  must  have  had  considerable  influence  m  directing  the 
attention  of  the  Russian  GoTemment  to  the  mineral  riches  of  the 
country,  and  of  making  its  geological  features  better  known  beyond 
the  limits  of  his  own  district.  I  wl\  only  mention  a  few  of  his  more 
important  works  : — "  Oryctographie  du  GouTcmement  de  Moscou," 
1837 ;  '*  Bibtiographia  Faleeontologica  Animalium  Systematica," 
1810 ;  a  second  edition  in  1834 ;  '*  Notice  des  Fossiles  du  Gk>uveme- 
ment  de  Moscou,"  1809-1811;  ''Notice  but  quelques  Animaux 
fossiles  de  la  Russie,"  1829 ;  ''  Ueber  Tcrschiedene  fossiie  £lephanten« 
species,  die  man  unter  dem  Namen  Mammouth  begreifb,  1831 ; 
''Recherches  sur  les  Ossemens  fossiles  de  la  Russie/'  1824;  "Let- 
tre  k  M.  Murchison  sur  le  Rhopslodon,  genre  de  Saurien  fossiie  du 
Yersant  occidental  de  TOural,"  1841 ;  '*  Revue  des  Fossiles  du  Gou- 
▼emement  de  Moscou,"  1846 ;  and  many  others.  He  was  elected 
a  Foreign  Member  of  this  Society,  and  of  the  Linnean  Society, 
b  1820.  He  died  at  Moscow,  on  the  6th  of  October,  1853,  having 
nearly  completed  his  eighty-second  year. 

Gentxemen, — In  proceeding  to  lay  before  you,  in  accordance 
with  the  established  usage  of  our  Society,  a  sketch  of  the  progress 
of  Geolc^  during  the  past  session,  I  shall  not  attempt,  as  some  of  my 
distinguuhed  predecessors  have  done,  to  single  out  sny  particular 
subject  for  discussion,  and  to  lay  it  before  you  in  all  its  bearings ;  I 
shsll  endeavour  rather  to  bring  together  the  principsl  events  in  the 
history  of  geology  which  have  lately  occurred,  and  to  remind  you  of 
its  general  progress.  Time,  however,  would  be  wanting  to  allude  to 
every  publication  of  interest  on  the  subject  which  has  appeared  in 
our  own  or  in  foreign  journals  and  publications.  A  mere  list  of 
names  would  be  altogether  unprofitable.  I  cannot  even  pretend  to 
refer  to  all  the  papers  read  at  our  evening  meetings ;  I  must  refer 
you  to  the  Journal  itself  for  most  of  them,  while  I  can  only  briefly 
allude  to  some  which  appear  to  me  of  more  than  ordinary  interest. 
K I  have  devoted  a  more  than  usual  proportion  of  space  to  the  works 
of  foreign,  and  particularly  German  geologists,  I  trust  I  shall  be 
excused  for  doing  so,  on  the  ground  that  I  thought  such  information 
would  prove  more  acceptable  to  the  majority  of  my  hearers,  and 
because  my  own  attention  had  been  more  particularly  turned  in  that 
direction. 

British  Geology  and  our  own  Proceedings. 

Adopting  then  the  ascending  order,  and  commencing  with  the 
progress  of  Palaeozoic  Geology  in  our  own  country,  I  must  first  con- 
gratulate you  on  the  appearance  of  that  truly  standard  work  on  this 
subject  which  has  been  lately  published ;  I  allude  to  the '  Siluria '  of 
my  old  friend  Sir  Roderick  Murchison.  Every  one  who  was  acquainted 
with  the  previous  labours  of  the  author  in  this  difficult  and  extensive 
field,  was  looking  forward  to  its  appearance  with  eager  interest ;  nor 
have  our  expectations  been  disappointed.     I  am  satisfied  that  I  but 
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give  utterance  to  the  sentiments  of  all  present,  when  I  say  that  we 
owe  a  debt  of  gratitude  to  the  author  for  having  laid  before  us  in 
such  a  comprehensiye  manner  the  vast  amount  of  information  con- 
tained in  his  two  former  works,  '  The  Silurian  System/  and  *  Russia 
and  the  Ural  Mountains/  enhanced  by  the  addition  of  the  results  of 
subsequent  investigations  up  to  the  time  of  publication.  Our  thanks 
are  due  to  him,  moreover,  for  having  published  his  book  in  a  form 
and  at  a  price  which  make  it  accessible  to  every  geological  student. 
By  a  judicious  method  of  condensation,  which,  while  diminishing  the 
bulk,  has  preserved  the  essence  and  character  of  the  subject-matter, 
the  author  of  *  Siluria'  has  brought  before  us  in  one  comprehensive 
glance  the  whole  phsenomena  of  the  Palseozoic  rocks  throughout  the 
world. 

In  alluding  to  this  publication,  however,  I  am  happy  to  find  that 
I  have  no  occasion  to  tax  my  own  powers,  or  to  be  suspected  of  par- 
tiality in  analysing  a  work  which  has  been  so  generally  approved  of. 
If  the  Geological  Society  had  not  been  deprived  of  the  services  of 
my  eminent  predecessor  by  his  removal  to  the  University  of  Edin- 
burgh in  the  middle  of  his  presidency,  and  if  his  valuable  life  had 
not  been  so  prematurely  cut  short,  it  would  have  been  his  duty  to 
perform  a  task  for  which  he  was  so  much  better  qualified  than  my- 
self. Fortunately,  however,  as  respects  *  Siluria,*  we  have  the  record 
of  the  deUberately  formed  judgment  of  our  late  President,  as  pub- 
lished last  autumn,  and  which  is  the  more  valuable,  inasmucn  as 
some  of  his  theoretical  views  were  not  in  unison  with  those  ef  the 
author. 

After  giving  a  summary  of  the  Silurian  formations,  the  words  of 
our  lamented  President,  which,  had  he  been  alive,  he  would  assuredly 
have  addressed  to  ourselves,  are  these : — 

*'Now,  when  it  is  recollected  that  the  'Silurian  System,*  that 
great  work  in  which  its  author  fully  stated  and  co-ordinated  the 
results  of  his  researches  on  the  Welsh  border,  was  given  to  the  world 
only  fifteen  years  ago,  and  that  the  very  epithet  *  Silurian'  was  itself 
assigned  to  these  formations  no  longer  ago  than  in  the  year  1835, 
the  influence  of  Sir  Roderick  Murchison's  labours  and  generalizations 
in  stimulating  discovery,  and  leading  to  a  clear  understanding  of  the 
earlier  sedimentary  rocks,  must  be  regarded  as  great  indeed.  And, 
be  it  observed,  in  this  short  sketch  of  foreign  primaeval  geology,  we 
have  used  the  word  Silurian  constantly,  not  of  our  own  choice,  or  to 
do  honour  to  its  inventor,  but  because  it  is  the  term  applied  to  the 
rocks  in  question  by  their  explorers  in  all  countries.  The  geologists 
of  the  continent,  of  Australia,  and  of  America,  have  identified  the 
older  palaeozoic  formations,  whose  structure  and  fossil  contents  they 
have  so  admirably  described,  with  the  '  Silurian '  system  of  our  own 
country,  and  vrith  the  types  of  its  greater  sections  as  defined  by  its 
first  investigator.  In  fact,  they  have  adopted  as  a  standard  that 
system  which,  being  definite  in  its  details,  enabled  them  to  obtain  a 
distinct  scale  for  the  purposes  of  comparison.  They  have  not  chosen 
their  nomenclature  on  account  of  its  author,  but  because  the  model 
he  had  set  before  them  is  perspicuous  and  intelligible. 

*'  We  question  whether  any  practical  geologist  now  living  would 
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doubt  for  a  moment  that  one  of  the  greatest  adyanoes  ever  made  in 
the  descriptiTe  section  of  his  science  was  the  establishment  of  the 
Silurian  system.  It  matters  not  whether  we  hold,  with  its  author, 
that  the  earliest  manifestations  of  life  and  the  commencement  and 
inauguration  of  animated  nature  are  included  within  it ;  or,  with  Sir 
Charles  Lyell,  more  cautiously  interpret  the  relics  of  primeeyal 
beings,  and  regard  the  Silurian  fauna  as  the  earUest  yet  demonstrated, 
though  not  necessarily  the  first.  Whichever  view  we  take,  the  im- 
portance of  the  discovery  and  definition  of  the  Silurian  system  cannot 
be  called  in  question.  It  was  a  grand  reward  of  sagacity,  perseve- 
rance, and  well-directed  skUl — no  lucky  chance,  but  a  discovery 
deliberately  sought,  which  threw  a  flood  of  daylight  around  a  realm 
of  geological  ditfkness,  and  made  the  obscurest  of  rock  assemblages 
one  of  the  clearest  and  ihost  instructive.  A  single  man  did  this  great 
and  worthy  task.  The  definition  of  the  Silurian  system,  and  the 
several  members  or  sections  of  which  it  is  composed,  the  invention  of 
a  nomenclature  for  the  subdivisions,  which,  though  essentially  local, 
has  become  of  universal  appUcation,  the  determination  of  a  scheme 
of  organic  types  upon  which  comparisons  and  identifications  could 
be  conveniently  based — all  these  good  works  were  done  by  one  inves- 
tigator, the  illustrious  author  of  the  volume  now  before  us*." 

I  have  also  to  notice  a  paper  bv  Professor  Sedgwick,  "On  the  May 
Hill  Sandstone  and  the  Palaeozoic  System  of  the  British  Isles."  1 
am  not  about  to  attempt  any  discussion  of  the  vexata  qucntio  be- 
tween Professor  Sedgwick  and  Sir  R.  Murchison  respecting  the 
nomenclature  of  the  earliest  palaeozoic  formations,  or  to  explain  what 
amount  of  error  or  of  truth  there  may  be  in  the  respective  views  of 
these  two  distinguished  men ;  I  will  only  observe  that,  in  support  of 
his  views.  Professor  Sedgwick  endeavours  to  show  in  this  paper  that 
there  is  no  continuous  unbroken  section  ascending  from  the  Cambrian 
to  the  overlying  Silurian  groups,  but  that  there  is  a  physical  break 
between  them  exactly  on  the  horizon  of  the  May  Hill  Sandstone^ 
and  that,  in  co-ordination  with  that  break,  there  is  a  great  change  in 
the  fossil  species.  The  value  of  this  evidence  depends  on  its  being 
shown  to  be  general,  and  not  a  merely  local  phsenomenon. 

The  Ordnance  Geological  Survey  has  been  satisfactorily  progressing 
during  the  past  year,  and  it  is  gratifying  to  know  that  Sir  H. 
De  la  Beche  and  his  able  stafiF  have  at  length  been  enabled  to  direct 
their  attention  to  the  survey  of  some  parts  of  Scotland.  This  has 
been  rendered  possible  b^  the  Trigonometrical  Survey  having  now 
completed  a  sufficient  portion  of  the  map  to  admit  of  the  geological 
features  being  laid  down.  In  England  the  survey  is  being  extended 
to  the  central  counties,  and  here  also  we  may  expect  some  results  of 
more  than  ordinary  interest,  inasmuch  as  its  extension  involves  the 
question  of  the  distribution  oif  the  Coal  under  the  New  Bed  Sandstone. 
One  of  the  most  interesting  results  of  the  labours  of  the  Survey 
during  the  past  year  has  been  Mr.  Salter's  investigation  of  the  lower 
Carboniferous  rocks  in  Pembrokeshire  and  North  Devon,  confirming 
views  fbnnerly  held  by  Sir  H.  De  la  Beche,  viz.  that  the  upper  part 
*  Quarterly  Beview,  No.  cze.  Sept.  1854,  p.  385. 
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of  the  Deyonian  fonnation,  as  shown  in  North  Devonshire,  is  identi- 
cal with  the  lower  beds  of  the  Carboniferous  formation  in  Western 
England.  The  probability  of  this  being  the  case  was  iK>inted  out  by 
Sir  H.  De  la  Beche  in  the  '  Report  on  Devonshire  and  Cornwall/  but 
the  subsequent  working-out  of  the  fossils  by  Professor  Phillips  and 
Mr.  Sowerby  showed  so  many  peculiar  species  identical  with  those 
from  strata  below  the  Carboniferous  limestone  on  the  Continent,  that 
the  beds  in  question  (the  Pilton  group  of  Professor  PhiUips, — the 
fifth  eroup  of  Professor  Sedgwick  and  Sir  R.  Murchison)  have  been 
regarded  as  the  upper  portion  of  the  Devonian  rocks,  with  which, 
however,  they  have  very  few  fossils  in  common.  A  careful  examina- 
tion of  the  Lower  Limestone  Shale  by  Mr.  Salter  during  the  past 
summer,  in  East  and  West  Pembrokeshire,  has  led  him  to  the  con- 
clusion that  these  beds,  interposed  as  a  shaly  series  between  the 
carboniferous  hmestone  and  the  true  old  red  sandstone,  should  be 
considered  as  a  part  of  the  Carboniferous  system,  all  the  more  abun- 
dant fossils  being  characteristic  of  that  formation.  In  East  Pem- 
brokeshire these  beds  repose  on  the  Old  Red  Sandstone,  which  con- 
tains but  few  fossib,  and  which  in  West  Pembrokeshire  loses  its  red 
colour,  and  consists  of  yellow  sandstones  and  limestones,  with  Avieula 
Damnanienns  and  Cucullaa  trapezium  overlaid  by  a  peculiar  series 
of  shales  and  sandstones,  with  frequent  fish-  and  coprolite-beds. 
When  Mr.  Salter  crossed  the  Bristol  Channel  and  examined  the 
upper  beds  of  the  Devonian  rocks,  where  the  red  colour  has  been 
absent  from  a  still  larger  portion  of  the  upper  Old  Red,  he  found 
that  the  yellow  sandstones  and  associated  limestone  were  identical 
with  those  which  he  had  seen  in  West  Pembrokeshire.  Here  also 
the  beds  containing  Avieula  Damnoniensis,  Cuculltea,  and  a  peculiar 
trilobed  Bellerophon  were  overlaid  by  a  great  shaly  and  slaty  series 
full  of  the  same  Carboniferous  fossils  (Spiri/er,  Terebratula,  &c.), 
with  fish  beds  containing  the  same  species,  and  made  up  of  arenaceous 
limestone  and  shales,  which,  but  for  their  more  complete  slaty 
cleavage,  could  not  be  distinguished  from  those  of  Pembrokeshire. 
Mingled,  however,  with  the  mass  of  carboniferous  fossils,  Mr.  Salter 
found  in  abundance  those  peculiar  species  Strophalosia  caperata  and 
Phacops  latijrons,  which  characterize  this  district,  and  are  not 
known  in  Pembrokeshire.  The  latter  species,  indeed,  is  a  decidedly 
Devonian  type,  rising  up  m  this  instance  for  a  considerable  thickness 
(many  hun<h*ed  feet  at  least)  into  the  lower  carboniferous  deposits. 
Mr.  Salter  therefore  considers  that,  as  already  suggested  by  Mr. 
D.  Sbarpe,  on  fossil  evidence  alone,  this  group  should  be  cut  off 
from  the  Devonian  and  included  in  the  Carboniferous  system:  It  is 
the  Carboniferous  slate  of  Dr.  Griffith,  aud  occurs  in  great  thickness 
in  Ireland,  with  a  highly  cleaved  structure. 

It  will  be  a  subject  of  congratulation  to  those  who  take  an  interest 
in  the  ^logy  of  Ireland,  to  learn  that  the  Government  has  at*length 
determmed  on  introducing  the  one-inch  scale  of  maps  for  the  use  of 
the  Ordnance  Geological  Survey  of  that  country. 

The  six-inch  scale,  however  useful  for  a  survey  of  landed  property, 
or  for  registering  minute  geological  featiures,  is  far  too  unwieldy  and 
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expensive  for  the  practical  purposes  of  the  geologist.  I  am  able  to 
state,  that  the  maps  are  now  being  engraved  on  the  smaller  scale, 
and  that  a  commencement  has  already  been  made  in  the  use  of  them. 
Mr.  Jukes  announced  to  the  Geological  Section  at  Liyerpool  that  the 
northern  part  of  the  county  of  Wicklow  was  already  completed  and 
coloured  geologically. 

The  last  Number  of  the  Memoirs  of  the  Geological  Survey  (De- 
cade III.)  is  devoted  to  the  figures  and  descriptions  of  Trilobites, 
which,  as  our  late  President  observes  in  the  Introduction,  are  remark- 
ably characteristic  of  well-defined  geological  horizons.  The  study  of 
these  forms  is  consequently  of  great  importance  to  the  geologist 
whose  labours  are  directed  to  the  investigation  of  the  more  ancient 
rocks,  to  which  they  exclusively  belong.  The  figures  and  descriptions 
in  this  Decade  are  by  Mr.  Salter. 

The  question  of  the  cleavage  and  foliation  of  the  older  crystalline 
rocks  is  one  which  has  on  several  occasions  occupied  our  attention  at 
the  evening  meetings,  and  has  given  rise  to  many  interesting  discus- 
sions. To  judge  from  the  various  opinions  entertained  on  this  sub- 
ject, the  question  still  requires  much  careful  examination,  not  only  in 
a  theoretical  point  of  view  as  to  the  causes  which  may  have  produced 
these  effects,  but  even  as  to  the  facts  themselves  on  which  these 
theories  are  to  be  founded.  It  would  therefore  be  premature  to 
enter  fully  into  this  question,  but  I  will  endeavour  briefly  to  lay 
before  you  the  evidence  which  has  been  brought  forward,  and  the 
different  views  entertained  upon  the  subject.  Three  papers  have 
been  lately  read  before  the  Society,  describing  the  various  phaeno- 
mena  observed  by  the  different  authors ;  the  first  was  a  paper  by 
Mr.  Sharpe,  "  On  the  Structure  of  the  Crystalline  Bocks  m  the 
neighbourhood  of  Mont  Blanc ;"  the  second  was  by  Mr.  Evan  Hop- 
kins, **  On  the  Laminated  Structure  of  the  Primary  Bocks ;"  and  the 
third  was  read  at  our  last  meeting  by  Mr.  David  Forbes,  "  On  the 
Foliated  Bocks  of  Norway." 

The  universality  of  the  views  entertained  by  Mr.  Evan  Hopkins, 
and  the  fact  of  his  having  already,  in  1850,  stated  them  partially  to 
the  Society,  induce  me  to  notice  them  first.  On  the  former  occa- 
sion, in  his  paper  on  the  "  Structure  of  the  Crystalline  Bocks  of  the 
Andes,  and  their  Cleavage  Planes,"  Mr.  Hopkins  endeavoured  to 
show  that  in  a  section  of  many  hundred  miles,  the  crystalline  rocks 
of  South  America  were  universally  characterized  by  vertical  or  almost 
vertical  lines  of  cleavage,  and  that  these  cleavage  planes  had  a  uni- 
form meridional  direction  or  strike,  thereby  separating  innumerable 
varieties  of  granites,  gneiss,  schists,  hornblende,  chloritic  slates, 
porphyries,  &c.,  into  great  meridional  bands.  In  his  paper  of  this 
session,  Mr.  Evan  Hopkins  has  endeavoured  to  show,  that  in  all 
countries,  in  all  regions,  in  all  quarters  of  the  globe,  the  old  crystal- 
line rocks  have  a  vertical  cleavage,  with  a  north  and  south  direction. 
This  view  he  lays  down  with  absolute  universality,  illustrating  it  by 
sections  of  many  thousand  miles  made  by  himself  in  various  parts  of 
the  world.  Mr.  Hopkins  subseauentlv  admitted  exceptional  cases, 
•but  maintained  the  generality  of  his  law,  stating  that  when  these 
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crystalline  rocks  were  oyerlaid  by  horizontall j  or  nearly  horizontal! j- 
stratified  sedimentary  deposits,  the  latter  exhibited  at  their  point  of 
contact  with  the  older  rocks  evidence  of  undergoing  the  process  of 
vertical  cleavage  or  lamination,  and  that  the  £ie8  of  stratificaticHi 
were  gradually  obliterated.  Mr.  £.  Hopkins  does  not,  as  £ur  as  I 
can  understand,  draw  any  distinction  between  cleavage  and  lamina- 
tion. 

Mr.  Sharpe,  avoiding  the  universality  of  Mr.  E.  Hopkins,  confined 
his  remarks  to  those  portions  of  the  cnain  of  Mont  Blanc  which  he 
had  visited  during  the  past  summer.  Having  disposed  of  the  erro- 
neous views  of  former  authors,  who,  not  sufficiently  attending  to  the 
differences  of  stratification  and  cleavage,  had  asserted  that  the  gneiss 
or  stratified  granite  of  Mont  Blanc  overlaid  the  secondary  rocks  seen 
in  the  Valley  of  Chamounix  and  in  Val  Ferret,  Mr.  Shurpe  pointed 
out  that  the  chain  of  Mont  Blanc  consists  of  two  lines  of  vertical 
foliation,  about  one  mile  and  a  half  apart,  having  a  strike  parallel  to 
the  major  axis  of  the  chain,  extending  along  its  whole  length,  and 
separated  by  a  narrow  anticlinal  axis.  This  anticlinal  axis,  how- 
ever, appears  to  me  to  be  the  result  of  the  fan-shaped  arrangement 
of  the  two  systems  of  radiation.  The  planes  of  fohadon,  wluch  are 
vertical  along  the  highest  ridges  of  the  mountain,  radiate  as  it  were 
outwards  as  they  recede  from  the  central  vertical  line.  Thus, 
where  there  are,  as  here,  two  lines  of  foliation  running  parallel  to 
each  other,  the  southern  radiations  of  the  northern  line  diverge  to- 
wards the  northern  radiations  of  the  more  southern  line,  and  thus 
produce  the  appearance  of  an  anticlinal  axis.  Mr.  Sharpe  also 
pointed  out  that  where  the  crystalline  rocks  are  overlaid  on  their  line 
of  strike  by  slates  of  sedimentary  origin,  the  cleavage  of  the  slates 
is  on  the  continuation  of  the  planes  of  foliation  of  the  gneiss  and 
mica  schist,  and  that  where  the  slates  lie  against  the  sides  of  the 
crystalline  mass,  their  cleavage  planes  combine  with  the  planes  of 
foliation  of  the  crystalline  rocks  to  form  anticlinal  axes  of  considerable 
regularity;  thus  confirming  the  opinion  originally  pronounced  by 
Mr.  Darwin,  and  subsequently  confirmed  by  Mr.  Sharpe  himself,  by 
observations  in  the  Highlands  of  Scotland,  that  the  cleavage  of  the 
slates  and  the  foliation  of  the  crystalline  rocks  were  owing  to  the 
same  cause. 

The  observations  contained  in  Mr.  D.  Forbes's  paper  derive  addi- 
tional importance  from  the  many  opportunities  the  author  has  had 
of  studying;  the  structure  of  the  crystalline  rocks  in  Norway  and  else- 
where, and  from  the  corroborative  evidence  he  has  acquired  in  pro- 
ducing artificial  gneiss  out  of  clay-slate  by  long  exposure  to  great 
heat,  but  not  at  such  a  degree  as  would  produce  fusion.  Mr.  Forbes 
insists  strongly  on  the  difference  between  cleavage  and  foliation,  con- 
sidering cleavage  to  be  the  result  of  mechanical  action,  whilst  folia- 
tion can  only  be  accounted  for  as  the  result  of  chemical  forces,  but 
not  necessarily  requiring  such  a  tem])erature  as  to  produce  fusion,  or 
even  semi-fusion.  The  following  views  are  considered  by  Mr.  D. 
Forbes  as  the  result  of  his  inquiries : — 1 .  That  foliation  and  cleavage 
are  two  distinct  processes  not  necessarily  connected ;  2.  That  foliation 
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is  tbe  result  of  chemical  action  combined  with  a  simultaneouslj  acting 
arranging  molecular  force,  generally  developed  at  temperatures  below 
the  fusion  or  semi-fusion  of  rocks ;  also  that  when  we  find  rocks  which 
we  know  have  been  previously  in  a  state  of  fusion,  possessing  a  foli- 
ated structure,  this  structure  has  been  induced  subsequently  to  their 
solidification ;  3.  That  the  arrangement  of  foliation  may  of)!en  be  due 
to  the  intrusion  or  approach  of  igneous  rocks ;  and  4.  That  there  is 
reason  to  suppose  that  the  foliated  rocks  may  be  altered  fossihferous 
strata,  from  their  chemical  composition,  from  the  presence  of  certain 
minerals,  and  on  account  of  the  changes  known  to  take  place  in 
other  fossiliferous  rocks. 

Notwithstanding  certam  points  of  agreement  between  the  respective 
authors  of  these  papers,  there  is  still  such  an  amount  of  difference  of 
opinion  amongst  them  as  to  make  it  desirable  that  more  information, 
based  on  care&l  and  accurate  observation  in  different  districts,  should 
be  obtained  on  the  subject,  before  we  can  vesture  to  say  that  any 
satisfactory  explanation  of  the  many  varied  pheenomena  connected 
with  the  cleavage  and  foliation  of  rocks  has  been  obtained. 

The  paper  by  Mr.  O.  Westwood,  entitled  ''  Contributions  to  Fossil 
Entomology,"  is  one  of  great  interest,  and  which,  taken  into  consi- 
deration with  another  paper  to  which  I  shall  briefly  allude,  is  of 
importance  in  enabling  us  better  to  understand  the  progressive  changes 
of  organic  life,  and  to  unravel  some  at  least  of  the  causes  which  have 
led  to  the  modifications  ot  animal  life  during  the  different  periods  of 
geological  time.  Not  being  an  entomologist,  I  have  no  pretension 
to  speak  about  the  details  of  the  paper ;  but  I  must  at  least  call  ^our 
attention  to  the  admirable  execution  of  the  plates  by  which  it  is 
iUnstrated,  and  to  the  care  which  Mr.  Westwood  has  bestowed  on  the 
description  of  the  different  remains  submitted  to  him  for  examination. 
By  &r  the  lareest  portion  of  these  numerous  suites  of  fossil  insects 
were  obtained  by  Messrs.  Brodie  and  Willcox  from  the  lower  Purbeck 
beds  of  Durdlestone  Bay.  They  leave  no  doubt,  whatever  may  have 
been  the  nature  of  the  cUmate  which  they  are  supposed  to  indicate, 
that  a  vast  assemblage  of  insect  life  must  have  existed  in  the  imme- 
diate vicinity  of  the  spot  where  they  were  entombed  and  preserved. 
This  &ct  is  peculiarly  interesting  when  taken  in  connexion  with  the 
di50>very  by  Mr.  Brodie  of  mammalian  remains  in  some  of  the 
members  of  the  Purbeck  formation,  also  at  Durdlestone  Bay.  These 
remains  were  at  first  supposed  to  be  reptilian,  differing  only  in 
spedes  from  those  of  lizards  of  a  somewhat  similar  size  with  which 
tney  were  associated.  We  are  indebted  to  Prof.  Owen,  to  whom  they 
were  submitted,  for  the  important  discovery,  after  a  careful  removal 
of  the  matrix  which  concealed  their  most  cnaracteristic  features,  that 
they  belonged  to  the  Mammalian  class. 

Guided  b^  that  accurate  knowledge  of  osteology  and  comparative 
anatomy  which  he  ever  brings  to  bear  on  subjects  of  this  kind.  Prof. 
Owen  was  not  slow  to  discover,  on  proceeding  to  examine  the  diarac- 
ten  and  forms  of  the  teeth,  that  these  interesting  remains  not  only 
belonged  to  the  Mammalian  class,  but  that  they  exhibited  the  general 
condition  of  the  molar  teeth  of  small  insectivorous  mammalia.    Let 
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me  call  your  attention  to  the  important  conclusions  which  he  draws 
from  the  occurrence  of  this  insectivorous  mammal,  to  which  he  has 
ffiven  the  name  of  Spalacotherium  tricusptdens,  in  the  very  same 
formation  in  which  such  abundant  remains  of  insect  life  had  been 
already  found  by  Mr.  Brodie  and  Mr.  Willcox.  "The  chief  interest," 
says  Prof.  Owen,  "  in  the  discovery  of  the  Spalacotherium  is  derived 
from  its  demonstration  of  the  existence  of  Mammalia  about  midway 
between  the  older  ooUtic  and  the  older  tertiary  periods,"  thus  help- 
ing to  fill  up  that  enormous  hiatus  between  these  two  periods  m 
which  mammalian  remains  had  hitherto  been  found.  He  then  alludes 
to  the  interesting  fact  of  these  insectivorous  animals  being  found  in 
such  close  neighbourhood  to  the  insects  themselves  on  which  they 
fed.  He  adds,  "  Amongst  the  numerous  enemies  of  the  iosect  class 
ordained  to  maintain  its  due  numerical  relations,  and  organized  to 
pursue  and  secure  its  countless  and  diversified  members  in  the  air,  in 
the  waters,  on  the  earth  and  beneath  its  surface,  bats,  lizards,  shrews, 
and  moles  now  carry  on  their  petty  warfare  simultaneously,  and  in 
warmer  latitudes  work  together,  or  in  the  same  localities,  in  their 
allotted  task.  No  surprise  need  therefore  be  felt  at  the  discovery 
that  mammals  and  lizards  cooperated  simultaneously,  and  in  the 
same  locality,  at  the  same  task  of  restraining  the  undue  increase  of 
insect  life  during  the  period  of  the  deposition  of  the  lower  Purbeck 
beds."  We  may  here  trace  another  beautiful  instance  of  the  adapta- 
tion of  organic  life  to  the  conditions  and  circumstances  in  which  it  is 
to  be  placed.  These  adaptations  are  of  two  kinds :  the  one  which 
shows  us  how  those  forms  of  life  which  have  existed  during  long 
periods  of  time,  cease  when  the  conditions  necessaiy  for  their  exist- 
ence undergo  such  a  change  as  to  render  them  no  longer  suited  to 
the  life  they  have  hitherto  maintained, — a  phsenomenon  which  is 
constantly  brought  under  the  notice  of  the  attentive  geological  ob- 
server. The  second  form  of  adaptation  is  that  which  points  to  the 
commencement  or  creation  of  new  forms,  when  new  conditions  have 
been  brought  about  agreeing  with  the  requirements  of  their  respective 
existences.  No  doubt  these  latter  are  also  of  frequent  occurrence, 
but  they  more  easily  escape  observation.  It  is  seldom  that  the 
paleontologist  or  the  zoologist  has  such  an  opportunity  of  seeing 
cause  and  effect  brought  into  such  immediate  juxtaposition  as  in  this 
case,  where  we  find  the  insectivorous  mammal  there  maldng  his  ap- 
pearance where  insect  life  was  swarming,  and  when  we  may  concluae 
that  the  laws  which  regulated  the  existence  of  animal  hte  required 
the  introduction  of  a  fresh  force  to  keep  down  the  too  rapid  increase 
or  development  of  another,  and  to  counteract  its  tendency  to  exceed 
the  functions  for  which  it  was  intended. 

Our  indefatigable  colleague.  Sir  Philip  Egerton,  has  contributed 
even  more  than  his  usual  quota  of  palichthyological  information ;  he 
has  in  several  papers  described  new  species  from  various  parts  of  the 
world.  Amongst  these,  his  account  of  the  fish  remains  from  the 
nummulitic  limestone  of  the  Mokattam  Hills,  near  Cairo,  is  particu- 
larly deserving  of  attention,  as  pointing  out  the  union  of  the  typical 
characters  of  several  families  in  one  species,  so  as  to  render  it  doubt- 
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fid  to  which  it  shonld  be  referred.  The  fish  in  question  had,  as  Sir 
Philip  Egerton  observes,  a  close  resemblance  to  the  Scisenoids  and 
particuhirly  to  the  genus  Prisiipoma,  in  the  characters  of  the  organs 
of  locomotion,  and  in  the  general  form  of  the  trunk ;  but  in  the 
opercular  iq^paratus  and  osteolog]^  of  the  cranium,  it  more  nearly 
approaches  the  Percoids.  The  dentition  differs  from  both,  and  re- 
sembles that  of  some  of  the  Sparoids. 

To  the  dontinued  exertions  of  Mr.  Prestwich  we  are  indebted  for 
several  papers  oontaming  much  valuable  detail  respecting  the  Ter* 
tiaries  of  the  London  and  Hampshire  basins.  The  first  paper,  on 
the  thickness  of  the  London  Clay,  is  fiiU  of  information  obtained 
froin  the  most  authentic  sources;  and  the  manner  in  which  Mr. 
Prestwich  has  tested  and  checked  the  information  he  received,  is 
deserving  of  the  highest  praise.  The  position  and  distribution  of 
tbe  organic  remains  throughout  the  whole  series  are  carefully  given, 
and  the  different  zones  in  which  they  occur  are  well  worked  out. 
The  value  of  this  portion  of  the  paper  has  been  materially  enhanced 
by  the  publication  for  the  first  time  of  the  separate  lists  of  fossils 
contained  in  these  different  zones.  The  principal  zones  referred  to 
by  Mr.  Prestwich  are, — 1.  Isle  of  Sheppey.  2.  Highgate.  3,  Prim- 
rose Hill,  Copenhagen  Fields,  Whetstone,  Islington,  Haverstock 
Hill,  Homsey,  Holloway,  and  Hampstead.  4.  Bognor.  It  must 
be  borne  in  mind,  however,  that  Mr.  Prestwich  restricts  the  term 
^'London  Clay"  to  one  of  the  lower  deposits  of  London  and  of  Hamp- 
shire, exdudmg  therefrom  the  Bracklesham  and  Barton  beds. 

The  next  paper  by  Mr.  Prestwich  is  on  the  distinctive  physical 
and  palseontological  features  of  the  London  Clay  and  Bracklesham 
Sands,  and  on  the  independence  of  these  two  groups  of  strata.  The 
object  of  this  paper  is  to  confirm,  chiefiy  on  the  evidence  of  the 
organic  remains,  the  opinion  already  pronounced  by  the  author  in  a 
former  commmiication,  that  these  two  formations  are  not  synchronous; 
and  to  endeavour  to  disprove  the  opinions  of  other  geologists,  espe- 
cLsIly  those  on  the  continent,  who  have  considered  that  the  differences 
in  the  characters  of  the  fauna  of  these  several  beds  were  dependent  on 
ge(^;raphical  distribution,  depth  of  water,  or  variations  of  sediment. 
The  author  points  out  the  confusion  which  has  arisen  in  the  com- 
parison of  the  London  and  Paris  basins,  in  consequence  of  this  di- 
stinction not  having  been  sufficiently  attended  to,  and  the  characteristic 
fosals  of  the  London  Clay  proper  and  the  Bracklesham  Sands  having 
been  grouped  together  as  belonging  to  one  formation.  Afler  de- 
Kribing  the  different  lithological  characters  of  the  two  groups,  Mr. 
Prestwich  enumerates  the  number  of  species  of  the  different  classes 
of  organic  remains  occurring  in  the  two  formations,  and  points  out 
how  few  species  are  common  to  both.    Thus — 

London  Clay.       BiEcklesham.        Conunon. 

Mammalia 2  1  0 

Birds 4  1  0 

Eeptiles    21  7  2 

VOL.  zi.  d 
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London  Clay. 

Brackletham. 

Common. 

Fish 

...      83     ... 

...      28     ... 

..    10 

MoUusca 

.  ..    224     ... 

.  .,    372     .... 

..    56 

Articulata 

...      27     ... 

...      13     ... 

..      4 

Echinodermata. 

...      17     ... 

1     ..., 

..      0 

Zoophyta 

...      10     ... 

...      16     .-.. 

..      0 

Foraminifera. . . 

.  ..      23     ... 

...        9     ... 

..      0 

Plantse 

. ..    106     ... 

...        3     ... 

..      2 

^— 

Total. . . 

...    515 

450 

72 

In  a  second  portion  of  this  paper  the  author  draws  attention  to  a 
very  remarkable  and  significant  circumstance;  yiz.  the  amount  of 
agreement  between  the  lower  London  Tertiaries  and  the  upper  beds 
of  the  underlying  Chalk.  He  particularly  instances  the  Thanet 
Sapds  and  the  lower  Landenian  system  of  Dumont  in  Belgium,  the 
faunae  of  which  have  a  general  fades  so  closely  resembling  that  of 
analogous  groups  in  some  of  the  cretaceous  strata,  that  they,  and 
particularly  the  Belgian  beds,  have  by  some  been  considered  as  cre- 
taceous rather  than  tertiary.  Other  cretaceous  fossils  are  shown  to 
range  upwards  into  still  younger  formations  of  the  London  basin. 

I  shall  not  pretend  to  go  through  the  arguments  brought  forward 
by  Mr.  Prestwich  \  the  paper  is  one  which  deserves  the  particular 
attention  of  every  palaeontologist.  I  will  only  make  one  observation  on 
the  concluding  statement,  *'  that  the  London  clay  presents  in  many 
of  its  generic  forms  a  closer  approach  to  those  now  existing  in  our 
climate  than  the  Bracklesham  sands."  This  remark  appears  to  me 
to  offer  additional  difficulties  to  our  endeavours  to  define  with  any- 
thing like  accuracy,  on  palfeontological  grounds  alone,  the  respective 
limits  of  the  different  tertiary  epochs.  If  we  find,  in  con8e<:|uence  of 
the  physical  and  geographical  features  of  the  seas  in  which  these 
tertiary  organisms  were  deposited,  that  the  fossils  of  the  older  forma* 
tions  resemble  living  forms  more  closely  than  those  deposited  during 
the  intervening  period,  how  can  we  attempt,  on  fossil  evidence  alone, 
where  superposition  does  not  come  to  our  assistance,  to  determine  the 
relative  ages  of  formations  situated  at  a  distance  from  and  indepen- 
dently of  each  other*?  Physical  changes  influencing  the  conditions  of 
life  must  have  occasioned  numerous  oscillations  of  the  earth's  surface ; 
and  if  this  observation  is  confirmed,  we  must  conclude  that  they  have 
so  modified  the  character  of  the  ancient  seas  as  to  have  brought  back 
forms  of  an  older  date,  hitherto  supposed  to  have  died  out.  We  have 
thus  imposed  upon  us  a  task  of  more  than  ordinary  difficulty,  and 
one  requiring  no  ordinary  caution  before  we  can  hope  satisfactorily 
to  unravel  the  order  of  creation,  or  to  define  the  relative  periods  in 
which  many  of  the  European  tertiary  formations  were  deposited. 

In  a  subsequent  paper,  of  which  as  yet  a  short  abstract  only  has 
been  published,  Mr.  Prestwich  has  communicated  to  us  his  views  on 
the  correlation  of  the  lower  tertiaries  of  England  with  those  of  France 
and  Belgium.  The  author  is  known  to  have  had  so  many  oppor- 
tunities of  examining  these  different  formations,  that  his  opinions  are 
entitled  to  the  greatest  consideration ;  they  are  put  forward  with  a 
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deafness  which  ^isiires  attention,  and  with  a  simplicity  which  dis« 
anns  all  criticism.  For  my  part,  at  least,  I  must  disclaim  all  idea  of 
sndi  a  proceeding.  I  will  merely  state  the  principal  conclusions  at 
which  he  has  arrived.  Beginning  with  the  lowest  tertiaries,  he  corre^ 
ktes  the  Thanet  Sands  of  the  south-east  of  Enghmd  with  the  Lower 
Landenian,  and  the  Woolwich  and  Reading  series  with  the  Uppec 
Landenian  of  M,  Dumont  in  Belgium.  The  former  of  these  is 
wantios;  in  the  Paris  basin,  and  of  the  latter  the  middle  diyision 
only,  the  Aryile  plaatique,  is  represented  at  Paris  lyin^  immediately 
on  the  Chalk.  The  London  Clay  corresponds  with  the  Lower 
Tpresian  of  M.  Dumont,  and  occurs  near  Dieppe,  but  dies  out 
southward  towards  Lille.  This  is  succeeded  by  the  Bagshot  series, 
the  lower  portion  of  which  is  represented  by  the  sands  below  the 
Bracklesham  beds  in  Hants,  by  the  lower  Bagshots  of  the  London 
district,  by  the  upper  Ypresian  and  Panisilian  combined  in  Belgium, 
and  by  the  Lit9  coquiUier^  in  the  Soissonnais  district.  The  middle 
portion  is  represented  by  the  Bracklesham  beds  in  Hants,  the  middle 
Bagshots  in  the  London  district,  the  Systhne  BruxelUen  of  M. 
Dumont,  and  the  Ccdcaire  grostier  of  tiie  Soissonnais  and  Paris» 
which  itself  rests  on  the  Jrgtle  plastigue. 

Mr.  Prestwich  does  not  appear  as  yet  to  have  carried  his  compari- 
sons any  further.  I  trust  he  will  not  omit  to  complete  a  work  wnich 
he  has  so  well  bcRun,  although  in  some  respects,  I  fear,  he  will  find 
a  difficult  task  before  him  in  proportion  as  he  approaches  those  beds 
which  are  supposed  to  mark  the  Hmits  between  the  Eocene  and 
Miocene  periods. 

I  am  bound,  however,  to  state,  that,  although  Mr.  Prestwich  does 
not  recognise  the  existence  of  the  lower  division  of  tiie  Woolwidi 
beds  in  uie  Paris  basin,  I  am  informed  by  M.  Deshayes  that  in  the 
course  of  last  summer  he  found  at  Billy,  near  Epemay,  a  bed  of 
brackish  water  and  other  shells,  underlying  the  great  marine  deporits. 
exactly  corresponding  with  our  author's  Woolwich  beds.  M.  Des« 
hayea  has  not  yet  published  the  results  of  his  last  year's  excursions^ 
hut  I  hope  we  shall  soon  have  from  him  the  evidence  on  which  this 
identification  has  been  founded. 

I  regret  that  in  consequence  of  some  delay  in  the  preparation  of 
the  plates,  the  volume  of  the  Palaeontographical  Society  for  1854 
shomd  not  have  yet  made  its  appearance,  it  would  be  premature  to 
•llude  to  the  works  which  it  will  contain ;  but  there  can  be  no  dombt 
that  when  it  shall  be  in  the  hands  of  the  members  it  will  be  found 
fully  to  maintain  the  high  reputation  acquired  bv  its  predecessors, 
and  will  be  a  valuable  assistance  to  the  students  of  British  geolpgQ^, 
I  will  only  mention  that  it  is  to  contain  the  first  part  of  the  Mollusca 
of  the  London  Clay,  the  publication  of  which  has  been  undertaken  by 
Mr.  F.  Edwards.  This  has  been  long  expected  by  the  subscribers,  as 
it  must  be  in  the  recollection  of  many  who  first  came  forward  as  pnv 
moters  of  this  publication,  and  as  I  know  it  was  the  prevailing  idea 
in  the  minds  of  some  who  first  suggested  it,  that  this  was  one  of  the 
great  desiderata  which  led  to  the  formation  of  the  Society. 
It  is  a  subject  of  hearty  congratulation  to  all  students  of  F&l«oEh 
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tology  that  the  second  edition  of  Mr.  Morris's  Catalogue  of  Britisli 
Fossils,  on  which  he  has  heen  so  loi^  and  laboriously  emplojed,  and 
respecting  which  my  predecessor  in  this  chair  so  fully  expatiated  last 
year,  has  been  at  length  published.  Its  contents  fully  justify  those 
remarks.  Independently  of  the  vastly  increased  number  of  species 
recorded  in  this  Tolume  as  compared  with  the  first  edition,  the  addition 
of  synonyms  which  the  author  has  given  in  a  great  majority  of  in- 
stances has  infinitely  increased  its  value ;  and  yet  even  in  this  respect 
much  still  remains  to  be  done,  which  I  trust  the  author  will  not 
forget  when  he  shall  be  called  on  for  another  edition. 

Foreign  Geology. 

Smce  the  pubUcation  of  his  nreat  work  *  Siluria,'  Sir  R.  Murchisoii 
has  again  visited  some  of  the  Palaeozoic  formations  in  the  north  of 
Germany,  of  which  he  proposes  to  give  a  full  account  to  the  Society, 
in  continuation,  as  it  were,  of  his  fourteenth  chapter,  in  which  he 
has  discussed  the  Primesval  Succession  of  Roeks  in  Germany.  A 
short  account  of  his  recent  observations,  made  in  company  with  Mr. 
Morris,  was  laid  before  the  Geological  Section  of  the  British  Asso- 
ciation during  the  last  meeting  at  Liverpool,  from  which  I  make  the 
following  extracts.  After  alluding  to  M.  Barrande's  great  work  on 
the  Silurian  System  of  Bohemia,  so  ably  described  by  my  predecessor 
in  this  chair  last  ^ear,  the  author  stated  that  in  the  Southern  Thu- 
ringer  Wald,  and  in  parts  of  Saxony  further  east,  the  great  unfossili- 
ferous  base  (chloritic  and  quartzose  grauwacke  slate)  is  succeeded  in 
ascending  order  by  Lower  Silurian  beds,  described  as  such  by 
Naumann,  Geinitz,  Richter,  Engelhardt,  and  other  local  geologists^ 
because  it  is  charsed  with  Nereites,  CrraptoliteSy  OgygicL^  and  other 
Silurian  fossils,  which  occur  in  black  slates,  with  some  Umestone  and 
shale.  Mr.  Salter,  having  examined  the  fossils,  stated  that  one  of 
the  remarkable  AnneUdes  was  identical  with  a  species  which  Professor 
Harkness  had  discovered  in  the  Lammermuir  ffills,  and  that  even  the 
Protovirgularia  of  the  same  tract  of  Scotiand  occurs  also  in  Thu- 
ringia.  As  several  of  the  species  of  GraptoUtes  of  the  two  countries 
are  identical,  there  can  be  little  doubt  that  the  Lower  Silurian  of 
Saxony  is  the  equivalent  of  the  graptolitic  series  of  Dumfries  and 
Kirkcudbright.  Here  the  ascending  series  in  the  Thuringer  Wald 
ceases,  there  being  no  traces  of  Upper  Silurian  or  even  of  Lower 
Devonian.  The  Lower  Silurian  rocks  are  there  at  once  covered  by 
the  Upper  Devonian,  viz.  the  Cypridina-schist  and  the  Clymenia- 
Kmestone ;  and  these  are  surmounted  by  a  considerable  expansion  of 
the  Lower  Carboniferous  strata,  viz.  micaceous  brown  and  yellowish 
sandstones,  with  plants  well  known  in  the  deposits  of  that  aee. 

The  sedimentary  rocks  of  the  Hartz,  the  chief  object  of  their  visit 
this  year,  and  which  Professor  Sedgwick  and  one  of  the  authors  had 
examined  together  on  two  previous  occasions  in  1 828  and  1839,  are  so 
dislocated  and  are  so  often  inverted  in  position,  that  their  physical  order 
can  but  seldom  be  detected  amid  the  confusion  which  nas  been  pro« 
duced  by  the  eruption  of  granites,  porphyries,  dimtes,  hypersthenic 
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.and  other  igneous  TOcks>  as  well  as  by  the  metamorphism  which 
large  masses  have  undergone.  Sir  R.  Murchison,  however,  expressed 
his  belief  that  all  the  members  of  the  Devonian  groap  of  the  Ahenish 
6raawack6  of  the  Germans,  from  the  Spirifer  Sanostone  and  Slate 
upwards,  through  the  Stringocephalus  and  Eifel  Limestone,  to  the 
Upper  or  Clymenia  Limestone,  are  there  present ;  and  tliat  thev  are 
succeeded  by  schists  oflen  in  the  sihceous  state  of  Kiesel  Schiefer, 
and  by  others  containing  the  well-known  Ptmehnomya  Becheri  of 
Herbom  ;  whilst  rocks  of  this  Lower  Carboniferous^sAge  occasionally 
contain  a  dark  limestone,  with  characteristic  fossils  of  the  Mountain 
Limestone.  M.  Adolphe  Roemer,  who  has  partly  worked  out  this 
comparison,  is  still  engaged  on  that  work,  and  in  completing  a 
geolc^cal  map  of  the  district. 

The  chief  object  of  Sir  R.  Murchison's  last  visit  to  the  Hartz  was 
to  determine  whether  certain  rocks  in  its  eastern  extremity,  which 
have  been  laid  down  and  mapped  as  Silurian  by  M.  A.  Roemer,  were 
really  of  that  age  or  not ;  an  interesting  question,  inasmuch  as  it  was 
precisely  in  this  portion  of  the  district  that  Professor  Sedgwick  and 
the  author  anticipated  fifteen  yeiurs  ago  that  the  oldest  rocks  of  the 
chain  would  be  found.  It  appears  that  in  one  small  boss  of  lime- 
stone, not  exceeding  ten  feet  in  thickness,  and  subordinate  to  the 
slates  on  the  north-east  flank  of  the  mountain,  M.  Jasche  of  £lsin- 
berg  has  discovered  many  fossils  of  the  genera  Orthis,  Terebratula, 
Lept€ena^  Spirifer,  Pentamerua,  Trilobites,  &c.,  some  of  which  are 
undoubtedly  British  Upper  Silurian  species,  while  others  are  identi- 
fied with  Bohemian  fossUs  described  by  Barrande  as  belonging  to  his 
uppermost  stages.  Looking  to  the  mineral  aspect  of  these  schists 
and  limestones,  which  differ  from  all  others  in  the  Hartz,  and  judging 
from  the  fossils,  the  greater  number  of  which  are  of  types  apparently 
more  ancient  than  those  of  any  known  Devonian  rock,  Sir  R.  Mur- 
chison  suggests  that  the  grauwack^  round  Harz-gerode  may  be  re- 
ferred to  the  uppermost  SUorian  rock  of  the  Continent,  and  be  placed 
on  the  same  parallel  as  one  of  the  highest  stages  of  M.  Barrande. 

In  the  Rhenish  country  Sir  R.  Murchison  and  Prof.  Morris  found 
that  the  Wissenbach  and  Caub  Slates  had  been  perfectly  identified 
by  Dr.  Sandberger  itnd  his  brother  by  means  of  a  community  of 
fossils^  and  that  Clymenia  had  been  detected  in  the  Cypridina  Slates 
of  Nassau,  thus  identifying  these  rocks  with  the  Krammenzel-stein 
of  Westphalia.  But  the  most  striking  new  discovery  in  this  region 
was  one  which  Sir  R.  Murchison  regretted  he  was  unacquainted  with 
when  he  published  his  '  Siluria,'  viz.  that  the  quartz  rocks  of  the 
Tannus,  about  whose  true  place  in  the  series  there  has  been  so  much 
discussion,  prove  to  be  the  youngest  of  all  the  older  rocks  on  the 
right  bank  of  the  Rhine.  In  their  trend  to  the  E.N.E.  they  part 
with  this  highly  metamorphosed  character,  and,  being  regularly 
bedded  and  interstratified  with  shale,  have  been  there  shown  by 
M.  Ludwig  of  Nauheim  to  overhe  the  series  of  Devonian  rocks,  con- 
sisting in  ascending  order  of  slates,  Spirifer  sandstones,  Wissenbach 
slates,  Eifel  limestones,  &c.  In  these  overlying  quartzites  large 
plants  like  Calamites  have  been  discovered,  and  as  they  lie  trans- 
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S»siyely  on  the  DeTonian  TockB,  they  are  probably  of  the  Lower 
rbomierouB  ase. 

The  author  Sien  proceeded  to  give  an  account  of  the  Permian 
rock  round  the  Hartz  and  the  Thiiringer  Wald,  specially  pointing 
out  the  enormous  thickness  of  their  base  or  bottom  rock,  the  rothe 
todte  Liegende  or  Lower  red  sandstone  of  England.  No  coal  of  any 
consequence  is  found  in  this  deposit,  although  thin  seams  hare  been 
found  in  Saxony,  which  have  afforded  the  remarkable  Permian  flora 
described  as  such  by  Qutbier  and  Greinitz.  On  the  other  hand,  these 
rocks  have  been  pierced  at  Rotheburg,  near  Eisleben,  to  a  depth  of 
1200  feet,  and  at  Eisenach  to  a  still  greater  depth,  without  reaching 
the  carboniferous  rocks  or  finding  any  trace  of  coal.  The  uppermost 
beds  of  this  rothe  todte  Liegende  are  well  exposed  in  natural  sections 
on  the  N.E.  flimk  of  the  Thiiringer  Wald,  where  they  are  overlaid  by 
bituminous  schists,  and  by  the  Kupfer  Schiefer  with  its  fossil  fishes. 

Alluding  then  to  the  Zechstein  or  Ma^esian  Limestone,  the  author 
explained  why,  in  proposing  the  word  rermian,  from  the  spread  of 
these  rocks  over  the  Russian  province  of  Perm,  he  had  also  mcluded 
in  this  group  a  certain  portion  of  schistose  and  partly  calcareous  red 
rocks  which  everywhere  overlie  the  Zechstein,  and  often  constitute 
ridges  separated  from  the  Bunter  Sandstein,  properly  so  called,  or  the 
base  of  tne  Trias.  Thus  he  considered  the  Permian  (which  in  Russia 
has  copper-bearing  sandstones,  with  plants  and  conglomerates  far 
above  tne  Zechstein)  to  be  an  under-Trias,  having  the  Zechstein  lime- 
stone intercalated  in  a  great  red  formation. 

After  commenting  on  the  spread  of  the  Triassic  formation  through 
Europe,  the  author  specially  called  attention  to  the  recent  discovery, 
by  M.  de  Vemeuil,  of  true  Muschelkalk  in  several  parts  of  Spain, 
containing  numerous  fossils. 

This  communication  concluded  with  a  general  ritum^t  in  which  the 
liuthor  directed  attention  to  a  map  showing,  that,  whilst  the  rocks 
of  the  Silurian  basin  of  Bohemia,  the  Silurian  and  Devonian  trougha 
of  Saxony,  and  the  ^reat  Paiseozoic  region  of  the  Rhenish  provinces 
(composed  of  Devoman  and  Lower  Carboniferous  rocks)  have  a  main 
strike  from  N.E.  to  S.W.,  coincident  with  the  major  axes  of  their 
geographical  range,  the  sedimentary  deposits  of  the  same  age  in  the 
Hartz,  the  North  Thiiringer  Wald,  and  the  Riesen  Gebirge  have 
been  thrown  by  great  subterranean  forces  into  transverse  geographic 
cal  chains,  accompanied  by  the  eruption  of  granites,  porphvries,  green- 
stones, &c.,  whicn  have  not  only  wrenched  the  original  strata  into 
abnormal  directions,  but  have  also  metamorphosed  them  in  a  remark- 
able manner. 

Nor  can  I  omit,  whQst  alluding  to  these  remarks  by  our  own 
countryman  on  the  structure  of  tne  palaeozoic  rocks  of  Northern 
Germany,  to  notice  an  interesting  memoir  on  the  geology  of  the 
Thuringer  Wald  by  Prof.  Credner  of  Gotha,  whose  geological  map 
of  the  Tliuringer  Wald  was  so  highly  spoken  of  bv  Sir  R.  Murchison 
at  the  meeting  at  Liverpool.  The  memoir  to  which  I  allude  will  be 
found  in  the  Transactions  of  the  Royal  Academy  of  Sciences  of  Erfurt, 
published  on  the  centenary  anniversary  of  its  foundation,  19th  July^ 
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1854.  It  is  entitled  ''An  attempt  at  an  historical  account  of  the 
geognosdc  conditions  of  the  Thuringer  Wald.'*  It  describes  in  a 
clear  and  easy  manner  the  different  formations  which  occur  in  that 
district,  and  the  many  disturbances  which  hare  been  effected  in  the 
stratified  beds  by  the  protrusion  of  igneous  rocks.  The  author 
divides  this  history  into  three  periods,  the  first  two  of  which  are  the 
most  important.  The  first  period  commences  with  the  oldest  de- 
posits, extending  to  the  commencement  of  the  deposition  of  the 
Carboniferous  rocks;  the  second  extends  from  the  commencement 
of  the  Carboniferous  period  to  the  commencement  of  the  Trias 
formation;  the  third  period  embraces  all  the  changes  which  the 
Thuringer  Wald  has  undergone  since  the  commencement  of  the 
Trias  formation. 

With  regard  to  this  latter  period,  however,  the  author  obserres, 
that  the  great  catastrophes  on  which  depended  the  chief  outline 
and  extent  of  the  Thuringer  Wald  ceased  at  the  close  of  the  Zech* 
stein  formation.  At  this  time  the  Thuringer  Wald  stood  as  an 
island  in  the  midst  of  the  Secondary  Ocean,  round  the  shores  of 
which  were  gradually  deposited  the  various  Triassic  beds,  and  from 
which  the  ancient  sea  was  gradually  retreating.  Other  minor  changes 
subsequently  took  place,  which  influenced  the  form  of  the  surrounding 
hills  and  the  formafion  of  its  valleys.  I  may  here  also  mention,  that 
in  the  forthcoming  geological  map  of  Germany,  one  of  the  chief  ob- 
jects to  which  the  attention  of  the  German  Geological  Society  is  now 
directed,  and  the  preparation  of  particular  districts  of  which  has  been 
allotted  to  those  members  best  acquainted  with  the  respective  locali- 
ties, and  who  are  all  working  on  a  eiven  scale  and  with  a  fixed  system 
of  colouring,  M.  Credner  has  undertaken  the  difficult  task  of  pre- 
paring the  Geological  Map  of  the  Thiiringer  Wald. 

I  am  happy  to  state  that  the  valuable  work  of  Drs.  Guido  and  Fri- 
dolin  Sandberger,  to  whom,  as  you  have  already  heard,  the  Council  have 
this  year  awarded  the  balance  of  the  proceeds  of  the  Wollaston  Fund, 
has  made  considerable  progress  during  the  past  year.  Two  additional 
fasciculi  (Nos.  6  &  7)  of  this  work,  entitled  /*  Systematic  Description 
and  Illustration  of  the  Fossils  of  the  Rhenish  (Paleozoic)  Formation 
in  Nassau,"  have  appeared  since  our  last  meeting,  and  I  understand 
that  one  more  vrili  complete  it.  To  all  students  of  the  Devonian 
formation  on  the  Continent  this  publication  will  be  invaluable.  No- 
thing can  exceed  the  beauty  and  correctness  of  the  illustrations,  or 
the  judgment  and  talent  shown  by  the  authors  in  identi^ing  the 
several  strata  by  their  respective  fossils.  The  literature  of  the  dif- 
ferent genera  and  species  is  carefully  worked  out,  and  great  care  and 
acumen  have  been  shown  in  comparing  fossil  families  with  their 
living  analogues.  I  might  particularly  instance  the  remarks  on  the 
genus  ScAoliostama,  several  species  of  which  show  in  their  last  whorl 
Uie  peculiar  tumed-up  character  of  Strophostoma  amongst  the  ter- 
tiary Cyclostomacea  and  of  AnoMtoma  amongst  living  Helices.  In 
the  form  of  the  mouth,  too,  some  of  these  species  have  a  remarkable 
tesembknce  with,  several  speciee  of  Cyelostoma  from  the  West  Indi^Sy 
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and  particularly  from  Jamaica.  Maj  not  this  genus,  after  all,  be 
that  of  a  terrestrial  mollusk,  thus  indicating  the  propinquity  of 
dry  land,  and  the  existence,  during  the  deposition  of  the  Stringoce- 
phalus  limestone  in  which  they  are  found,  of  a  terrestrial  flora,  on 
which  they  must  have  lived  ?  The  authors  of  the  work  before  us, 
while  still  referring  the  genus  to  the  marine  fauna,  and  placing  it  near 
JScalaria  or  Risaoa,  allude  to  the  remarkable  resemblance  between 
SchoL  crassilabrum  and  TomigeruSy  particularly  T,  turbinatus  (Pfr.). 

At  the  last  meeting  of  German  Naturalists  and  Physicians  at  Got- 
tingen.  Prof.  Ferd.  Roemer  of  Bonn  made  an  interesting  communi- 
cation respecting  the  comparison  between  the  Devonian  formations  in 
Belgium  and  in  the  Eifel.  After  describing  the  Belgian  series  as 
the  most  perfect  and  the  best  worked  out,  he  gave  the  following 
ascending  series  of  its  principal  formations: — 1.  Unfossiliferous  lower 
quartz  rocks.  2.  Lower  grauwacke  beds  of  the  Rhine  near  Coblenz. 
3.  Limestone.  4.  Clay-slates  with  Bryozoa  and  Calceolina  (called 
also  Calceola-schists).  5.  Dolomitic  limestone  resembling  that  of 
Paflrath.  6.  Marl  beds,  also  called  TentacuUte-marl.  7.  Clay 
slates  easily  decomposing,  full  of  Goniatitea  and  Cardita  retrostri" 
ata.  8.  Dark  marly  slates,  remarkable  for  containing  Spiri/er  dis- 
junctus  =  S.  VemeuLllii,  In  Belgium  and  at  Aachen  these  beds  are 
everywhere  immediately  overlaid  by  the  Coal-measures  containing 
Productus  in  great  abundance.  In  Prof.  Beyrich's  work  on  the 
Eifel,  he  has  noticed  the  existence  of  only  two  members  of  this  series, 
the  same  as  are  observed  by  Murchison  and  Sedgwick.  At  a  sub- 
sequent period,  however,  a  third  corresponding  bed  or  horizon  bad 
been  discovered  near  Grerolstein,  viz.  Goniatite-beds  near  Rudesheim, 
where  a  bed  of  marl-slate  occurs  with  Cardiola  reirostriata  and 
Goniatites. 

Other  localities  have  been  since  found  containing  the  fauna  of 
the  Paflrath  Limestone.  Since  then,  Prof.  Roemer  has  found  Spi- 
ri/er Vemeuillii  in  the  Eifel,  and  marb  associated  with  dolomitic 
limestone.  The  result  at  which  Prof.  Roemer  has  arrived  is,  that, 
with  the  exception  of  the  Tentaculite-marb,  all  the  Belgian  subdivi- 
sions mentioned  above  have  now  been  clearly  made  out  in  the  EifeL 

We  are  indebted  to  the  same  author  for  an  excellent  work  on  the 
first  period  of  the  Palaeozoic  rocks,  published  in  the  third  edition 
of  Bronn's  '  Lethaea  Geognostica.'  Whether  the  title  Kohlen-Ge- 
birge  (Coal  formation)  is  the  most  appropriate  that  could  have  been 
chosen,  I  will  not  now  stop  to  inquire.  The  work  professes  to  give 
a  general  account  of  the  distribution  of  the  Palaeozoic  rocks  through- 
out the  world,  with  their  various  subdivisions,  and  the  general  cha- 
racter of  the  organic  remains  of  their  faunae  and  florae.  The  author 
adopts  the  general  divisions  of  Silurian,  Devonian,  Carboniferous, 
and  Permian,  and  has  inserted  some  valuable  tables  showing  the 
parallelism  of  various  formations  in  different  countries. 
.  In  communicating  to  this  Society  a  new  geological  map  of  the 
.country  about  Christiania  in  Norway,  by  M.  Kjenilf,  Sir  K.  Mur- 
chison has  given  us  some  additional  information  respecting  the  Silu- 
rian and  Devonian  rocks  in  that  district,  confirming  the  views  he  bad 
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already  stated  in  afonner  communication  (see  Quarterly  Journal  of  the 
Geological  Society,  toI.  yiii.  p.  182),  and  pointing  out  now  completely 
the  whole  sequence  of  the  Upper  and  Lower  Silurians  of  Great  Britain 
is  represented  in  this  thinner  development  of  the  Norwegian  district. 
Even  the  great  Bussian  empire,  he  ohserres,  does  not  exhihit  so  per- 
fect and  clear  a  succession  of  the  Palaeozoic  formations  as  this  Nor- 
wegian trough  in  the  parallel  of  Christiania. 

Since  this  commumcation  was  read,  I  find  that  M.  Kjerulf  s  views 
have  been  fully  published  at  Christiania  by  Adolph  btrecker  in  a 
work  entitled  '  Das  Christiania-Silur-Becken'  (the  Silurian  Basin  of 
Christiania)  chemically  and  geologically  examined,  by  Theodor  Kje- 
rulf. The  map  communicated  by  Sir  k.  Murchison  belongs  to  this 
work,  the  greater  portion  of  which  is  occupied  with  chemical  analyses 
of  the  di£ferent  rocks  in  the  district.  The  results  of  these  inquiries, 
instead  of  clashing  with  the  geognostic  observations,  as  some  persons 
might  perhaps  have  feared,  have  not  only  confirmed  them,  but  have 
established  tne  universality  of  the  law  respecting  the  formation  of 
volcanic  rocks  already  laid  down  by  Prof.  Bunsen  *,  who  has  divided 
all  igneona  rocks  into  two  classes,  the  trachytic  and  the  augitic  or 
pyrozenic. 

Amongst  the  many  valuable  additions  to  palaeontographical  geo- 
logy, I  must  mention  the  memoir  of  MM.  de  Koninck  and  Le  Hon, 
"On  the  Crinoidea  of  the  Carboniferous  Formation  of  Belgium," 
originally  published  in  the  Collection  of  Memoirs  of  the  Royd  Aca- 
demy of  Belgium.  So  rapid  has  been  the  progress  of  discoveij  in 
this  branch  of  our  science,  that  whereas  in  1842  one  of  the  authors 
of  this  paper  could  only  procure  irom  these  beds  fifteen  species  of 
Crinoidea,  they  have  now  been  able,  partly  by  their  own  exertions 
and  partly  by  the  aid  of  numerous  friends,  to  bring  together  fifty- 
three  species.  These  belong  to  eleven  genera,  four  of  which  are 
entirely  nevr.  They  are  derived  partly  from  the  Carboniferous  lime- 
stone, which  forms  the  basis  of  the  formation  in  Belgium,  and  partly 
from  the  overlying  beds  of  limestone  and  its  associated  clays.  The 
perfect  state  of  preservation  in  which  most  of  them  were  found,  has 
enabled  the  authors  to  correct  and  modify  the  opinions  which  have 
hitherto  prevailed  respecting  the  organization  and  habits  of  these 
singalar  animals. 

The  authors  commence  their  work  with  a  most  imposing  list  in 
chronological  order,  commencing  with  1558,  of  authors  who  have 
written  on  the  Crinoidea.  No  less  than  346  works  are  quoted,  con- 
taining more  or  less  reference  to  the  subject.  A  mass  of  literature 
80  overwhelming  was  probably  never  before  quoted  in  reference  to 
one  single  subject.  This  is  then  followed  by  a  special  historical  ac- 
count of  the  progress  of  knowledge  on  the  subject  of  the  Crinoidea 
in  general,  in  which  the  authors  confess  that,  notwithstanding  all  that 
has  been  written,  the  question  is  still  involved  in  obscurity  on  many 
points,  the  removal  of  which  they  leave  to  those  who  may  have  more 
materials  at  their  disposal. 

*  "UeberdieProoesse  der  vulkaniBchen  GesteinB-bildungen  Ifilands.''  Pogg. 
Ann.  YoL  83.  p.  !• 
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This  history  of  the  progress  of  the  discovery  of  the  true  character 
of  these  singular  forms, — how,  from  heing  first  looked  at  in  an  in- 
verted position,  and  being  considered  as  marine  plants,  thev  came  to 
be  regarded  as  corals, — and  how  the  illustrious  Blumen))ach  first 
assigned  to  them  their  true  position  in  the  scale  of  organic  life, — ^ia 
one  of  the  most  remarkable  and  most  interesting  in  the  range  of 
palaeontographical  literature.  But  I  must  refer  you  to  the  memoir 
itself  for  the  details. 

Before  describing  the  different  species,  the  authors  enter  into  ge- 
neral considerations  respecting  the  structure,  habits,  and  movements 
of  these  animals,  derived  partly  fxpjo.  a  careful  examination  of  the 
numerous  fossil  remains,  partly  by  analogy  firom  the  investigation  of 
their  two  living  congeners,  pointing  out  the  different  families  and 
genera,  and  the  special  arrangement,  forms,  and  number  of  the  differ- 
ent plates  of  the  cup,  bv  which  they  are  respectively  characterized. 
One  of  the  authors  promises  in  a  future  work  to  apply  the  terminology 
here  adopted  to  all  the  Crinoidean  genera,  and  to  distribute  them 
into  natural  families.  The  eleven  genera  described  in  this  memoir 
are, — Cyatkocrinus,  PoteriocrinuSy  Rhodocrinus,  Mespihcrinus,  Grtt- 
phiocrinus,  ForbmocrinuSy  Actinocrinus,  Dickocrinus,  Platycriwus^ 
Lageniocrinus,  and  Pentremites, 

This  is  followed  by  a  short  descriptive  notice  by  M.  De  Koninck 
of  a  new  eenus  of  Crinoidea  from  the  carboniferous  beds  of  England, 
to  which  he  has  given  the  name  of  Woodocrinus  macrodactylus. 

Prof.  Hans  Bruno  Qeinitz  has  added  to  the  stock  of  information 
on  fossil  botany  for  which  we  are  already  indebted  to  him,  by  the  recent 
publication  of  his  work,  entitled  "  Darstellung  der  Flora  des  Haini- 
chen-£bersdorfer  und  des  Flohaer  Kohlenbassins,"  4to,  with  a  folio 
atlas  of  fourteen  plates,  as  also  by  a  larger  work  on  the  fossils  of  the 
Carboniferous  formation  in  Saxony,  illustrated  by  thirty-six  large 
engravings  of  the  well-preserved  fossil  plants  of  that  region.  His 
examination  of  this  palseozoic  flora  has  confirmed  the  observations 
already  made  by  Prof.  C.  F.  Naumann  on  geological  evidence  alone^ 
that  the  Coal  formation  of  Hainich-Ebersdorf  is  older  than  the  Coal 
basin  of  Floha-Gliickelsberg.  The  former  belongs  to  what  the 
Germans  still  persist  in  calling  upper  Grauwack^  the  equivalent  of 
the  Carboniferous  or  Mountain  Limestone.  The  investigations  of 
Prof.  Geinitz  have  shown  that  the  carboniferous  deposits  of  Zwickau, 
to  which  the  work  in  question  principally  refers,  are  of  the  same  age 
as  the  younger  Coal-beds  of  Floha-Gliickelsberg. 

The  author  has  endeavoured  to  exhibit  the  result  of  his  investiga- 
tions by  the  establishment  of  four  distinct  zones  of  vegetable  life 
(Vegetation's  Gurteln*),  each  of  which  is  characterized  by  a  different 
flora. 

1  St  Zone. — Hainich-Ebersdorf;  characterized  by  a  preponderance  of 
Sagenaria,  particularly  S.  Veltheimianax  he  calls  it  the  Sagenaria-coal. 

2nd  Zone. — Planitz  and  Zwickau ;  chiefly  characterized  by  SigiU 
laria, — therefore  called  the  Sigillaria-coal. 

•    *  There  is  something  quaint  in  this  use  of  the  word  *  giirtel,'  horn  which  our 
synonymous  word  '  girdle'  is  derived,  to  express  a  *  zone/  
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3rd  Zone. — Ross-coal  beds,  peculiarly  characterized  by  an  abun* 
dance  of  Calamieg, — therefore  called  Calamite-coal. 

4tb  Zone. — Oberholmdorf  and  Ilmenau,  the  peculiar  feature  of 
vhich  is  the  great  abimdance  of  Fem^, — therefore  called  Fern-coal. 

M.  Rossler  of  Hanau,  Director  of  the  Wetterau  Society  of  Natural 
History,  who  has  for  many  years  directed  his  attention  to  the  sub- 
ject, has  given  a  short  notice  on  the  organic  remains  of  the  Zechstein, 
or  Magnesian  Limestone,  in  the  Wetterau,  in  the  last  Annual  Report 
of  that  Society ;  and  Prof.  Reuss  of  Prague  has,  in  the  same  volume, 
described  the  Entomostraca  and  Foraminifera  which  occur  in  the 
same  formation. 

On  the  Position  of  the  Fossiliferous  beds  of  San  Casciano, — Much 
has  been  done,  during  the  past  year,  to  remove  the  great  uncertainty 
which  has  long  prevailed  as  to  the  precise  position  to  be  assigned  to 
the  fossils  found  in  the  San  Casciano  beds.  This  difficulty  has 
arisen  partly  from  the  fossils  themselves,  many  of  which  are  peculiar 
to  these  beds,  and  partly  from  the  singular  intermixture  of  forms 
which  has  been  found  amongst  them.  In  consequence  of  these 
anomalies,  the  geologists  who  visited  the  district  (and  amongst  them 
are  many  of  the  most  distinguished,  both  of  our  own  countrymen 
and  of  forei£;ners)  have  come  to  various  conclusions  as  to  their  true 
position  in  tne  somewhat  complicated  series  of  Alpine  stratification. 
While  some  wished  to  place  them  in  one  or  other  of  the  formations 
of  the  Triassic  system,  otliers  referred  them  as  unhesitatingly  to  the 
overlying  Lias,  and  not  even  to  the  lowest  beds  of  this  system,  some 
even  going  so  far  as  to  refer  beds  now  ascertained  to  belong  to  this 
San  Casciano  series  to  the  Brown  Jura*. 

The  exertions  of  Sir  R.  Murchison  went  far  to  disperse  the  mists 
which  hung  over  this  subject.  In  his  paper  ''  On  the  Geological 
Structure  of  the  Alps,  Apennines,  and  Carpathians,*'  read  before  this 
Society  in  1848,  he  states  that  this  obscurity  has  been  principally 
cleared  away  by  the  memoir  of  M.  Emmerich,  who,  working  out  the 
details  of  a  district  rendered  classical  twenty-five  years  before  by  the 
researches  of  Leopold  v.  Buch,  has  clearly  exposed  the  order  of  the 
strata ;  thus  leaving  little  or  no  doubt  that  the  chief  and  peculiar 
group  of  fossils  of  those  Alps  (Southern  Tyrol)  belongs  to  the 
Trias. 

The  researches  of  other  geologists,  and  particularly  of  some  of 
the  Austrians  attached  to  the  Imperial  Geological  Institute  of  Vienna, 
amongst  whom  I  may  mention  MM.  v.  Hauer  and  Suss,  have  esta- 
blished the  existence,  in  the  Sakburg  Alps,  of  fossils  identical  with 
those  which  occur  in  South  Tyrol;  thus  establishing,  as  Sir  R. 
Murchison  observes  in  the  paper  already  quoted,  the  existence  of  true 
Huschelkalk  types  in  the  northern  zone,  where  they  had  not  before 
been  recognized. 

In  a  memoir  on  the  Triassic,  Liassic,  and  Jurassic  formations 

*  The  **  Brown  Jura"  of  the  Germans  is  represented  in  England  by  the  Middle 
sad  Lower  Oolites, — ^from  the  Oxford  Clay  to  the  Inferior  Oolite,  inclusiYe.— See 
Fnas  on  the  JuiBssio  Series,  Quart.  Jonm.  Geol.  Soc.  vol  viii.  2nd  Part,  Miscell. 
Vi^.i2etSeg. 
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in  tbe  N.E.  Alps,  read  by  M.  y.  Hauer  before  tbe  Imperial  Geo- 
logical Institute  of  Vienna,  at  tbe  close  of  1853,  be  bas  gone  into 
great  detail  on  these  formations,  some  portions  of  wbicb,  as  refer- 
ring to  this  question,  I  will  here  briefly  allude  to.  Tbe  author  com- 
mences by  dividing  the  Triassic  group  of  tbe  N.E.  Alps  into  two 
formations :  1 .  The  Werfen,  and  2.  the  Hallstadt.  Tbe  first  or  lowest 
of  them  he  again  divides  into — a.  the  Werfen  slates  or  vari^ted  sand- 
stones, and  h,  tbe  Gutteustein  limestone,  which  be  consi&rs  as  pro- 
bably equivalent  to  the  Muscbelkalk.  He  considers  tbe  Hallstadt 
strata  as  upper  Muscbelkalk.  I  may  here  remark  that  tbe  author  has 
excluded  from  this  Triassic  group  the  Dachstein  limestone,  which  he 
had  formerly  considered  as  lower  Muscbelkalk,  and  bas  placed  it  as  the 
lowest  member  of  the  overlying  Liassic  group.  As  far  as  tbe  order  of 
superposition  is  concemed,this  correction  appears,  irom  the  subsequent 
investigations  of  others,  to  be  perfectly  correct.  But  it  is  not  equallj 
certain  that  he  is  correct  in  placing  the  Dachstein  limestone  in  the 
Lias.  With  regard  to  tbe  Werfen  slates,  tbe  author  states  that  all 
recent  inquiries  have  confirmed  tbe  correctness  of  tbe  position  origin- 
ally assigned  to  them,  viz.  that  they  immediately  overUe  tbe  Gran- 
wacke  beds,  and  underlie  tbe  whole  of  tbe  Alpine  limestone.  The 
principal  fossils  found  in  them  are,  Ammonitea  Casnantu  (Quenst.), 
Turbo  recticostatus  (Hauer),  NaticeUa  costata  (Munst.),  Myadtes 
Ta^serensis  (Wissm.),  very  common,  Myophoria,  sp.  unc,  Postdotuh' 
mya  ClarcB  (v.  Buch),  Posidonotnya  aurita  (Hauer),  Avicula  striatO' 
punctata  (Hauer),  Av.  Venetiana  (Hauer).  Tbe  Ammonites  Cos- 
sianus  is  of  rare  occurrence,  and  it  may  be  a  question  whether  it  has 
not  been  derived  from  tbe  overlying  Dachstein ;  for  it  is  a  remarkable 
fact,  that  one  of  the  causes  of  the  apparent  intermixture  of  fossils  in 
some  of  these  Alpine  collections,  particularly  those  of  S.  CascianOy 
has  arisen  from  the  fact  of  their  having  been  obtained  from  rivulets 
which  descend  through  Jurassic  as  well  as  Triassic  deposits.  These 
Werfen  slates  are  constantly  overlaid  by  dark  grey  limestones,  called 
by  tbe  author  Guttenstein  limestone  or  Muscbellcalk,  and  frequently 
assume  the  form  and  character  of  Bauchwacke  limestone,  rossils 
are  almost  unknown  in  them,  with  tbe  exception  of  Ammonites  (or 
Ceratites)  Caasianus  (Quenst.)  and  Monotis  Salinaria.  Tbe  upper 
portion  of  this  limestone  is  occasionally  dolomitic,  and  passes  into 
tbe  second  or  upper  subdivision  of  the  Triassic  group. 

The  Hallstadt  Limestone  or  upper  Muscbelkalk  is  remarkable  for 
its  beautiful  and  curious  Cepbalopods.  Tbe  author  here  explains 
that  bis  recent  investigations  have  led  to  the  conviction  that  his 
former  statements  respecting  tbe  position  of  tbe  Dachstein  limestone^ 
which  he  bad  placed  below  tbe  Hallstadt  Umestone,  reqmred  correc- 
tion :  tbe  sections  found  by  M«  Suss  and  himself  in  various  parts  of 
tbe  Alps  showed  that  tbe  Dachstein  Limestone  should  be  placed 
above  that  of  Hallstadt.  With  regard  to  tbe  Cephalopoda,  which 
constitute  tbe  greater  portion  of  the  fossils  found  m  this  formation, 
tbe  author  refers  to  a  distinct  memoir  in  which  they  are  described ; 
the  new  forms  discovered  since  tbe  publication  of  that  work  will  be 
published  in  the  2nd  vol.  of  tbe  Transactions  of  the  Imperial  Geolo- 


Digitized  by 


Google 


ANNITSRSART  ADDRKSS  OF  THE  PRESIDENT.  IZT 

gicil  Ihfltitate.  He  obfieires,  bowever,  that  fiye  of  the  most  charac- 
teristic forms,  m.  Amnumites  Aon  (Miinst.),  A,  RUppeUi  (Klipst.), 
A,  Gaytam  (Khpst.),  A»  Johanms-AustruB  (Klipst.),  and  A.  larhaa 
(Munst.),  aD  occur  in  the  S.  Gasciano  strata,  which  consequently, 
notwithstanding  ereat  lithological  differences,  may  be  safely  paralleled 
with  the  HaUstadt  beds. 

The  author  then  proceeds  to  state  that  the  true  position  of  the 
HaUstadt  limestone  is  now  clearly  made  out  to  be  between  the  lowest 
Liassic  group  (to  which  he  supposes  the  Dachstein  limestone  to  be- 
Icrng)  and  the  Trias, — and  that  the  fossils  contained  in  it  do  not  afford 
Bomdent  evidence  to  place  it  with  either  of  these  groups,  as  no  spe- 
des  peculiar  to  it  has  yet  been  found  beyond  the  region  of  the  Alps; 
ner^theless  its  intimate  connexion  with  the  Guttenstein  limestone  is 
a  fair  indication  that  it  should  be  grouped  with  the  Trias.  He  con- 
siders i^  however,  to  be  a  still  more  difficult  question  to  dedde  whether 
tile  dolomites  which  occur  extensively  beneath  the  Dachstein  lime- 
stone are  Triassic  or  Liasdc.  Before  leaving  the  Triassic  group,  the 
author  states  that  his  present  object  has  been  to  establish  the  correct 
parallelism  between  the  formations  of  the  Northern  and  those  of  the 
Southern  Alps  belonging  to  the  Trias.  Without  going  into  detail  on 
the  subject,  he  briefly  proceeds  to  disprove  the  arguments  of  M. 
Klipstem  on  the  one  hand,  who  wishes  to  place  the  San  Gasciano 
beds  VOL  the  Middle  Jura,  and,  on  the  other  hand,  those  of  M.  Eich- 
wald,  who  claims  for  them  a  much  more  andent  position,  referring 
the  Neptunian  formation  of  Southern  Tyrol  to  the  Mountain  Lime- 
stone. He  observes,  in  reference  to  this  question,  that  the  San 
Casdano  and  HaUstadt  beds  are  not  to  be  considered  as  exact  equi- 
valents of  the  true  Muschelkalk,  but  as  a  more  recent  portion  of 
the  Triasdc  group  depodted  above  it. 

The  author  next  proceeds  to  describe  the  Liassic  group,  the  lowest 
member  of  which  he  condders  to  be  the  Dachstein  Limestone,  so 
called  from  its  constituting  the  prindpal  portion  of  the  Dachstein 
Moontains.  With  these  are  associated  the  Stahrenberg  strata.  Above 
these  are  the  Kossen  beds,  the  Gresten  beds,  and  then,  constituting 
the  Upper  Lias  formation,  the  Adneth  and  Hierlatz  beds.  The  only 
one  of  these  formations  to  which  I  shall  here  allude  is  the  Dachstein 
limestone.  This  is  described  as  frequently  immediately  overlying 
the  Werfen  or  Guttenstein  beds ;  sometimes  it  is  deposited  on  dolo- 
mite, or  united  with  it  above  the  EEallstadt  beds ;  and  sometimes  it 
Tests  on  the  HaUstadt  beds  themselves. 

Amongst  the  fossils  found  in  the  Dachstein  Limestone,  Megalodon 
tri^ueter  of  Wulfen,  also  called  M,  scutatus,  is  by  far  the  most 
abmidant.  It  is  found  throughout  the  whole  bed,  and  has  been 
called  the  Dachstein  bivalve,  and  is  so  peculiar  to  this  bed  as  to 
throw  some  doubt  on  M.  von  Hauer's  generalization  that  the  Kossen 
heds  which  immediatelv  overlie  the  Dachstein,  and  contain  a  large 
proportion  of  genuine  Liassic  fossils,  are  to  be  considered  as  forming 
with  it  only  one  formation,  notwithstanding  their  obvious  petrogra^ 
phical  differences.  This  Megalodon  triqueter,  which  occurs  univer- 
sally thioiighQUt  the  Dachstein  Limestone,  has  only  been  found 
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sparingly  in  one  loottlity  out  of  thirty-seireQ  in  which  the  Kotteb- 
fossik  are  found. 

M.  Sttas  has  also  communicated  a  paper  on  the  Brachiopods  of  tbe 
K5s8en  beds^  read  before  the  Imperial  Geolo^cal  Institute  so  far 
back  as  the  23rd  June,  1853.  One  of  his  objects  is  to  show  that 
these  beds  belong  to  the  inferior  Lias,  both  by  palseontological  com* 
parison  and  by  geographical  extension.  He  considers  them  to  be 
the  same  as  the  GrerviUia  beds  of  Emmerich  and  Schaffhautl,  and 
the  Upper  S.  Casciano  of  Escher  and  Merian.  This  author  then 
proceeds  to  state  that  the  fauna  of  the  Stahrenberg  and  Dachstein 
Limestone  is  identical  with  that  of  the  Kossen  beds,  and  adds  that 
the  whole  mass  of  these  beds  lies  on  the  Hallstadt  beds,  containing 
the  fossils  of  San  Casciano,  and  belonging  to  the  Upper  Muscbel* 
kalk.  After  describing  other  beds  connected  with  these  formatioiis. 
M.  Suss  concludes  by  discussing  '*  the  reasons  given  by  some  geo- 
logists for  identifying  some  members  of  them  wiOi  the  formations  of 
San  Casciano.  The  whole  series  of  Kossen  fossils  gives  us  but  three 
species  identical  with  those  of  San  Casciano,  viz.  Cardita  crenata» 
the  so-called  Spondylus  ohliquus  (the  identity  of  which  seems  doubt- 
ful even  to  M.  Emmerich),  and  Actceimina  alpina,  quoted  by  Prof, 
Merian,  but  without  giving  its  locality.  The  Amcula  gryphaata  la 
found  in  the  Lias  of  England,  as  well  as  in  the  San  Casciano  beds ; 
and  according  to  Mr.  Peters,  one  of  our  species  may  probably  prove 
identical  with  A.  contorta  (Portl.). 

*'  The  stratigraphical  relations,  at  least  as  far  as  they  exist  in  the 
Yorarlberg,  do  not  appear  to  warrant  a  separation  of  the  Koaaen 
strata  from  the  Lias.  What  has  been  already  stated  is  enough  to 
show  that  M.  Escher's  No.  13.  Limestone  with  Megahdon  trique^ 
ter  (the  equivalent  of  the  Dachstein  Limestone),  and  his  No.  14. 
San  Casciano  formation  (identical  with  our  Kossen  strata),  cannot 
conveniently  be  considered  as  members  of  different  formations.  Since 
the  investigations  respecting  the  Cephalopods  of  the  Salzkammeigut 
have  been  made,  there  can  no  longer  be  any  doubt  that  the  Hallstadt 
beds  are  the  equivalent  of  the  S.  Casciano  formation,  nor  is  there 
any  reason  for  considering  the  former  as  only  representing  a  portioa 
of  the  S.  Casciano  group." 

A  further  step  towards  clearing  up  the  difficulties  which  prevented 
the  satisfactory  explanation  of  the  position  of  the  S.  Casciano  beds 
has  been  made  by  Prof.  Merian  of  Bdle,  who  has  lately  visited  some 
of  the  localities  of  the  Yorarlberg  Alps,  and  has  communicated  the 
results  of  his  inquiries,  first,  in  a  letter  addressed  to  Sir  R.  Murchi- 
son,  and,  secondly,  in  a  paper  read  before  the  Geological  Section  of 
the  Meeting  of  German  Naturalists  held  last  year  at  Gottingen.  In 
the  former  communication  Prof.  Merian  states  that,  having  visited 
the  Yorarlberg  with  his  friend  M.  Escher,  they  found  immediately 
under  the  Lias  beds  which  are  well  devel6ped,  the  Dachstein  lime* 
stone,  characterized  by  numerous  corals  and  the  Megalodon  seutatu^ 
of  Schaffhautl.  Below  this  Dachstein  Limestone  they  found  the 
Gervillia  beds,  lately  called  Kossen  beds  by  M.  y,  H^uer.  These  they 
at  once  referred  to  the  S.  Casciano  formation^  in  consequeiice  of  their 
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^mltamiiig  Cardiia  erennta  XGoldf.)^  Avidula  of  the  family  of  the 
GTjphaeatfiB,  and  small  turreted  shells.  Below  these  are  thick 
maases  of  dolomite,  which  are  again  imderlaid  hy  sandstones  with 
impressions  of  Keuper  plants,  ^e  Gervillia-beds  also  occur  in  the 
vicinity  of  the  Lake  of  Como,  forming  a  good  geological  horizon 
below  the  Lias.  The  author  states  that  they  have  given  the  name  of 
San  Casdano  formation  to  the  whole  series  of  beds  situated  between 
the  Keuper  and  the  Lias.  It  is  a  marine  formation  which  appears 
to  be  wanting  in  the  North  of  Europe,  and  is  only  developed  in  the 
Alpine  chain  and  in  Eastern  Europe.  In  a  palaeontological  point  of 
view  it  is  distinguished  from  the  overlying  Lias  by  the  absence  of 
Belenmites,  and  from  the  Trias  on  which  it  reposes  by  the  occurrence 
of  Ammonites  h  elcisons  persUUes. 

After  alluding  to  the  previous  erroneous  opinions  entertained  by 
various  geologists  respecting  the  position  of  the  Dachstein  Limestone 
and  the  Grervfilia  beds.  Prof.  Merian  observes  that  the  Austrian  geo* 
legists  are  now  of  the  same  opinion  as  himself  and  his  friend  respecting 
the  order  of  superposition  of  these  beds.  The  only  difference  is  that 
the  former  wish  to  refer  these  two  groups  to  the  lower  Lias,  whilst 
he  and  M.  Escher  refer  the  beds  with  Ammonites  globosus  and  the 
beds  of  S.  Casciano  to  a  separate  formation,  which  they  call  Upper 
Muschelkalk.  In  the  communication  read  at  Gottingen  the  Pro* 
fesBor  repeated  these  arguments,  adding  that  the  S.  Casciano  beds 
below  the  Dolomite  alternate  in  some  spots  with  some  of  the  Keuper 
beds,  and  particularly  with  the  Letten  coal  beds;  and  that  he  considers 
that  the  whole  formation,  which  is  essentially  marine,  should  be  looked 
on  as  a  marine  Keuper  in  the  East  and  South  of  Europe,  correspond- 
ing with  or  equivalent  to  the  land  or  terrestrial  Keuper  of  the  West, — 
that  they  are  in  fact  the  marine  representatives  of  the  Keuper*. 

It  is  perhaps  one  of  the  most  interesting  features  in  the  considera- 
tion of  this  question,  and  one  which  has  added  greatly  to  the  difficulty 
of  unravelling  the  true  relations  of  this  part  of  Alpine  geology,  that 
we  here  find  a  regular  unbroken  sequence  of  beds  lying  conformably 
one  over  the  other,  from  the  lowest  member  of  the  Triassic  group 
into  the  Liassic  and  the  Jurassic  formations.  Not  only  do  the  dift 
ferent  beds  of  sandstone,  shales,  limestones,  and  dolomites  pass  into 
and  sometimes  even  alternate  with  each  other,  thereby  producing 
what  may  be  almost  called  an  inosculation  of  the  strata,  but  we 
also  find  a  gradual  passage  of  organic  forms  from  one  formation  to 
another.  If  each  new  successive  stratum  as  we  ascend  presents  us 
with  new  groups  and  new  associations  of  organic  life,  we  still  find 
them  accompanied  by  some  of  the  forms  which  characterized  the 
beds  below.  Thus,  while  on  geognostical  and  mineralogical  grounds 
we  are  prevented  from  drawing  very  exact  lines  of  demarcation  be- 
tween one  formation  and  another,  we  are  equally  debarred,  on  palae- 
ontological grounds  also,  from  defining  with  absolute  accuracy  or 
correctness  the  respective  limits  of  the  different  groups.     The  Keu- 

*  For  farther  details  see  also  a  Memoir  by  M.  A.  Escher  Ton  der  Liath  on  the 
GeQiocy  of  the  Vorarlbeig,  published  in  the  thirteenth  Tolume  of  the  M^moirci 
de  U  Socidte  H^v^tique  dei  Sdenoes  Naturslles,  1853. 
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per  sandstones  alternate  with  the  lower  San  Casdano  beds,  aooording 
to  Prof.  Merian.  Ammonites  occur  in  the  Hallstadt  limestone, 
sometimes  called  Upper  Muschelkalk,  and  considered  the  equivalent 
of  the  San  Casciano  beds,  thereby  connecting  these  truly  Triassic  beds 
with  those  Liassic  beds  above  the  Dachstein,  in  which  numerous 
species  of  Ammonites  abound.  In  the  intermediate  dolomites  no 
fossils  have  yet  been  found.  Nor  have  Ammonites  yet  been  discovered 
in  the  Dachstein  limestone,  yet  they  abound  in  the  overlying  Kossen 
strata,  which  are  considered  to  be  the  equivalents  of  the  lower  Lias 
by  M.  Suss,  and  to  be  upper  San  Casciano  by  Prof.  Merian  and  his 
friend  M.  Escher.  Thus,  wherever  we  find  the  strata  conformable, 
we  have  a  confirmation  of  the  well-known  saying,  "  Natura  non  fadt 
saltum."  In  fact,  all  natural  changes  are  gradual  under  these  cir- 
cumstances. The  conditions  of  life  gradually  change,  and  the  organic 
forms  are  modified  to  meet  these  changes ;  certain  species  disappear, 
while  others,  adapted  to  the  altered  circumstances,  are  called  into 
existence,  and  continue  to  flourish  side  by  side  with  some  of  the  pre- 
existing forms ;  thus  confirming  the  view  already  stated,  that  where 
the  strata  are  conformable,  no  line  can  be  drawn  between  successive 
formations, — ^the  gradual  change  is  not  marked  by  sudden  breaks 
in  the  series  of  animal  life.  In  fact,  we  must  not  forget  that  our  no- 
menclatures are  for  the  most  part  only  relative.  Nature  ever  acts  on 
one  long  unbroken  plan,  and  knows  as  little  of  sharp  limits  between 
Trias,  Lias  and  Jurassic,  as  between  the  families  and  genera  of  existing 
organic  life.  These  terms  are  at  best  but  temporary  shifts  to  assist  our 
memories,  and  to  enable  us  to  register  our  facts  and  our  knowledge ; 
and  we  must  be  careful  not  to  give  too  much  importance  to  nomen- 
clatures which  deserve  at  the  best  but  a  secondary  consideration.  I 
may  have  occasion  to  allude  to  this  question  again  when  referring  to 
the  progress  of  tertiary  geology.  I  will  only  here  observe,  that  I 
think  M.  Merian  has  exercised  a  wise  judgment  in  making  the  San 
Casciano  beds  for  the  present  a  separate  group,  intermediate  between 
the  Trias  and  the  Lias. 

I  cannot  conclude  these  remarks  without  alluding  to  what  I  am 
sure  every  British  geologist  will  consider  an  oversight  on  the  part  of 
the  two  Austrian  geologists  I  have  mentioned,  in  having  omitted  all 
allusion  to  the  exertions  on  two  separate  occasions  of  Sir  R.  Murchi- 
son,  and  to  the  credit  he  deserves  for  having  been  the  first  to  point 
out  the  true  relations  of  these  great  Alpine  formations.  In  the  Geo- 
logical Map  of  the  Eastern  Alps,  the  first  ever  constructed,  and  pub- 
lished in  the  third  volume  of  our  Transactions  (2  Ser.),  Sir  R.  Mur- 
chison  and  Prof.  Sedgwick  clearly  laid  down  on  the  northern  flank 
of  the  Alps  a  distinct  series  of  rocks  between  the  older  slaty  rocks 
(Verrucano)  and  the  Liassic  and  Oolitic  groups.     To  these  thej 

gve  the  name  of  Keuper,  Muschelkalk,  Bunter  Sandstein,  and 
mchwack^.  This  zone  is  also  laid  down  on  their  map  on  the  south 
flank  of  the  Alps,  passing  through  San  Casciano,  thereby  showing 
that  at  that  early  period  they  had  recognized  the  identity  of  the  beds 
on  the  north  flank  with  those  of  San  Casciano  and  its  vicinity, 
although  San  Casciano  itself  was  not  then  alluded  to.    Again,  in 
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Bis  paper  *^  on  the  Geological  Structure  of  the  Alps,  Apennines,  and 
Curpathians/'  SirB.  Murchison  full y  ex]>lained  the  triassic  character 
of  the  San  Casciano  heds, — an  explanation  which  is  now  confirmed 
hj  the  more  recent  discoyeries  of  Merian  and  others  on  the  northern 
flanks. 

To  M.  E.  R^Mer  of  Lausanne  we  are  indebted  for  a  geological 
memoir  on  the  Perte  du  Rhone  and  its  Ticinity.  The  author  was 
induced  to  undertake  this  work  by  the  reflection,  that,  however  oflen 
this  curious  pheenomenon  had  been  visited  and  quoted  by  geologists, 
no  special  description  of  it  had  yet  been  given,  nor  any  geological 
map  of  it  published  on  a  scale  sufficiently  large  to  understand  the 
details.  After  referring  to  De  Saussure  for  an  account  of  the  scene, 
the  author  describes  the  different  formations  which  are  visible  at  this 
locality  restmg  regularly  and  conformably  on  each  other  in  an  almost 
horizontal  position.  These  formations  are.  Diluvium,  Molasse,  Upper 
Chalk,  Gault,  and  the  Aptian  and  Trigonian  formations  below  the 
Gault,  the  two  latter  belonging  to  the  Neocomian  system.  The 
lowest  bed,  in  which  is  cut  the  narrow  passage  where  the  Rhone  is 
ahnoet  lost  to  sight  in  dry  weather,  is  the  Caprotina  limestone.  The 
vertical  and  horizontal  distances  are  given  in  the  sections  in  their 
natural  proportions. 

Two  memoirs  by  M.  Bosquet  of  Maestricht,  published  in  the 
second  volume  of  the  "  Memoirs  of  the  Committee  for  the  Geological 
Map  and  Description  of  the  Netherlands,"  are  deserving  of  notice  in 
connexion  with  secondary  geology.  The  first  is  an  account  of  some 
new  Brachiopods  from  the  Maestricht  beds.  The  fossils  described 
are,  two  new  Crania,  C.  eomosa  and  C.  Bredai ;  the  former  is  ex- 
tremely rare,  and  only  the  lower  valve  has  been  as  yet  discovered ; 
Argiope  Davidsoni,  Rhyneora  plicata  and  R.  Konincki.  The  second 
memoiT  is  of  far  greater  extent,  and  is  entitled  **  The  Fossil  Crustacea 
of  the  Cretaceous  Formation  of  Limbure.^'  With  the  exception 
of  a  few  species  of  Cirripedes  and  some  few  Decapods,  the  work  is 
devoted  to  a  description  of  the  numerous  Entomostraca  abounding 
in  this  formation.  Some  of  these,  like  Bairdia  subdeltaidea,  are  so 
universally  distributed  throughout  formations  of  different  ages,  that 
their  geological  value  as  a  means  of  distinguishing  strata  is  subservient 
to  their  importance  in  a  natural-history  point  of  view ;  several  of  the 
other  cretaceous  forms  also  are  still  found  living  in  the  Mediterranean 
and  other  seas.  With  regard  to  the  genus  Cy there,  the  most  abundant 
of  all,  M.  Bosquet  in  this  work  describes  thirty-four  new  species  from 
the  cretaceous  formation  of  limburg,  in  addition  to  thirteen  already 
ilescribed  by  him  in  1847  from  the  Maestricht  beds.  He  adds  that 
he  is  also  acquainted  with  about  114  species  in  the  different  beds  of 
the  tertiary  formation.  The  species  described  are  all  beautifrilly 
figured,  and  some  of  the  forms  represented  are  of  a  curious  and  un- 
asual  character.  Many  are  identical  with  those  already  figured  and 
described  by  Mr.  R.  Jones  in  his  *'  Monograph  on  the  Entomostraca 
of  the  Cretaceous  Formation  of  England,"  published  in  1849  by  the 
Palseontographical  Society. 

Prof.  Bornemann,  in  his  ^*  Account  of  the  lias  Formation  in  tht 
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neighbourhood  of  Gottingen  and  its  organic  contents/^  has  alto 

{ublished  some  plates  of  the  Foraminifera  found  in  that  formation, 
am  indebted  to  Mr.  R.  Jones  for  the  observation^  that,  although 
the  general /act>«  of  these  German  Lias  forms  as  compared  with  ti^e 
Foraminifera  of  the  English  Lias  is  very  similar,  the  specific  identities 
are  but  few.  Out  of  fifty  species  from  the  Ihninster  series,  he  can 
only  find  seven  which  can  with  certainty  be  considered  as  identical 
with  any  of  the  thirty-three  species  from  the  Gottingen  Lias. 

An  interesting  memoir  by  Prof.  Reuss  appears  in  the  seventh 
volume  of  the  *  Denkschriften  der  Kaiserlichen  Akademie  der  Wissen- 
Bchaften'  of  Vienna,  "  On  the  characteristic  features  of  the  Cretaceous 
Formations  in  the  Eastern  Alps,  particularly  in  the  Valley  of  Gosau 
and  on  the  Wolfeang  Lake.''  In  the  first  place  the  author  shows 
that  the  whole  of  the  Gosau  beds  belong  to  the  Upper  Cretaceous 
period ; — ^they  belong  neither  to  the  Lower  Greensand,  where  they 
nare  been  placed  by  some  vrriters,  nor  to  the  Flysch  or  Eocene,  to 
which  others  have  been  disposed  to  refer  them.  He  points  oat  a 
remarkable  connexion  between  the  beds  of  conglomerate  and  the 
Hippurite  limestone :  wherever  these  latter  occur  in  abundance,  and  as 
it  were  in  their  natural  position,  the  conglomerates  form  the  bottom 
bed,  and  t)ie  Hippurite  banks  appear  to  have  settled  themselves  on 
the  soUd  conglomerate  and  gravel  beds.  These  Hippurite  and  Coral 
limestones  form  such  an  important  member  of  the  Gosau  formation, 
that  the  author  goes  into  great  detail  respecting  them,  pointing  out 
the  errors  respecting  their  relative  positions  committed  by  former 
geologists.  The  Hippurite  limestone  alternates  with  the  more  marly 
beds  at  various  levels  throughout  the  whole  formation ;  but  the  beds 
with  AciaoneUa  and  Nerinaa  also  occur  throughout  the  same  portion 
of  the  deposit,  sometimes  l3ring  below,  sometimes  alternating  with 
the  Hippurite  limestone.  Another  remarkable  feature  of  the  Gosau 
beds  is  the  almost  entire  want  of  coal,  whereas  it  occurs  abundantly 
in  other  parts  of  the  Cretaceous  deposit. 

Li  concluding  these  general  remarks,  the  author  observes  that  the 
Gosau  beds,  which  belong  without  exception  to  the  Cretaceous  forma- 
tion, represent  one  connected  inseparable  whole,  and  form  a  system 
of  marly-conglomerate,  limestone,  and  sandstone  beds,  irregularly 
alternating  with  each  other,  and  which  it  is  impossible  to  subdivide 
into  separate  independent  formations.  The  study  of  the  fossil  remains 
contained  in  it  shows  that  such  a  separation  cannot  be  justified  on 
palseontological  any  more  than  on  geognostic  grounds.  This,  how* 
ever,  only  refers  to  the  lower  fossihferous  beds ;  the  upper  portion 
contains  no  organic  remains,  but  the  petrogiaphical  characters  oppose 
the  possibility  of  their  being  referred  to  a  different  system. 

The  next  question  raised  by  the  author  is  with  which  of  the  various 
cretaceous  beds  of  other  countries  the  Gosau  beds  should  be  com- 
pared* An  accurate  knowledge  of  the  fossils  is  necessaiy  to  answer 
this  question.  The  author  is  of  opinion  that  it  is  more  correct  to 
refer  them  to  the  Chalk  above  the  Gaultr-the  upper  chalk,  but  in 
comparing  the  Gosau  fossils  vrith  those  of  other  districts,  the  author 
•nly  takes  such  as  are  common  to  other  Chalk  formations.  The  whole 
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mnbber  of  Gosan  fosnls  is  443,  amongst  wliich  are  34  Foraminifera; 
140  Anthozoa,  14  Bryozoa,  and  15  Entomostraca.  The  Gasteropoda 
bare  135,  and  the  Conchifera  80  species.  The  remaining  numher 
is  made  up  of  Radiaria,  Brachiopods,  Cephalopoda^  Anndides,  and 
Bndiata. 

After  showing  that  the  Gosau  heds  have  the  greatest  affinity  with 
D'Orbigny's  Systhme  TVroittat,  the  author  describes  the  geological 
features  of  the  beds  near  the  Wolfgang  Lake^  which,  although  meir 
organic  contents  are  not  so  abun<knt  as  in  the  Gosau  VaUej,  eri* 
dcatlj  belong  to  the  same  system.  In  the  second  part  of  his  memOir« 
▼iz.  pabeontological  observations  on  the  Gosau  beos,  the  author  prin« 
dpally  directs  his  attention  to  the  Foraminifera,  AnthoKoa,  Brvozoa) 
and  Entomostraca,  with  the  study  of  some  of  which  he  baa  been 
occupied  for  many  years.  These  are  fully  described,  and  the  figures 
by  which  they  are  illustrated,  particularly  the  Corals,  are  adminbly 
executed. 

But  time  would  not  permit  me  to  giye,  nor  would  yon  have  patience 
to  listen  to,  the  long  list  of  recent  papers  and  publications  on  different 
branches  of  seological  investigation  to  be  found  in  the  various 
scientific  periodicals  of  Germany.  The  Journal  of  the  Imperial  Geo> 
logical  Institute  of  Vienna,  the  Journal  of  the  German  Geological 
Society,  as  well  as  the  Jahrbuch  of  Leonhard  and  Bronn,  and  the 
Palseontographica  of  Dnnker  and  Herman  v.  Meyer,  are  f^U  of  new 
and  valuable  infi>rmation.  I  must,  however,  specially  allude  to  th^ 
last  two  numbers  of  the  last-mentioned  work,  which  have  appeared 
daring  the  last  year.  The  memoir  by  Dr.  Jordan  and  Herman  v. 
Meyer  on  the  Cnistacea  of  the  Coal  Formation  of  Saarbriick,  and 
particularly  the  account  of  the  fossil  insects  of  the  same  formation 
by  Dr.  Croldenberg,  are  most  interesting ;  the  latter  espedally,  as  it  is 
only  very  recently  that  organic  remains  of  this  class  have  been  found 
in  these  beds,  the  oldest  in  which  they  have  hitherto  been  met  with. 

Tertiary  Gsology. 

M.  HAert,  so  well  known  for  his  numerous  and  valuable  com- 
munications on  the  tertiaiT  formations  of  the  continent,  has,  in  con* 
junction  with  M.  £.  B^nener  of  Lausanne,  published  in  the  Bul- 
letin of  the  Statistical  Society  of  the  Department  of  the  Is^,  an 
interesting  "  Memoir  on  the  Fossils  of  the  Upper  Nummulitic  Formsr 
tion  in  the  neighbourhood  of  Gap,  the  Diablerets,  and  other  locali- 
ties in  Savoy."  The  fossils  with  which  the  Nummulites  are  associated 
in  these  localities,  which  M.  B^^vier  has  himself  explored,  are  such 
as  are  geneially  considered  to  belong  to  a  more  recent  period  than 
that  to  which  the  Nummulites  have  been  hitherto  referred*  The 
beds  in  general  show  a  remarkable  identity  and  analogy  as  to  their 
laona  with  that  of  Bonca,  already  described  by  M.  Brongniart  in  his 
'*  Memoir  on  the  Vicentin;"  on  the  other  hand,  it  shows  great 
discrepances  with  the  nummulitic  beds  of  Nice,  Corbi^res,   and 
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to  explain  the  many  difficulties  with  which  it  is  associated^  but  they 
observe  that  these  nummulitic  beds  contain  a  certain  number  of 
species  more  recent  than  those  of  other  localities  which  are  generally 
considered  as  the  type  of  the  Nummulitic  formation,  and  that  these 
more  recent  species  are  the  most  abimdant.  This  has  led  them  to 
consider  these  beds  as  the  upper  portion  of  the  Nummulitic  forma- 
tion, and  to  call  them  the  Upper  Nummulitic  formation ;  and  they 
think  that  it  will  turn  out  eventually  that  the  nummuhtic  beds  here 
described  are  more  recent  than  any  hitherto  known. 

*^  Perhaps,"  they  say  in  conclusion,  "  it  may  be  supposed  that 
some  data  are  given  in  this  memoir  to  determine  the  age  of  these 
upper  nummuhtic  beds,  and  that  they  should  be  placed  between  the 
sands  of  Beauchamp  and  those  of  Fontainebleau.  We  consider  suck 
a  conclusion  would  be  too  hasty,  and  that  our  work,  however  con- 
scientiously carried  out,  is  not  of  sufficient  importance  to  lead  to  such 
a  conclusion/^  The  object  of  the  authors  was  to  call  attention  to 
new  facts,  desirous  only  to  be  of  use  in  solving  the  difficulties  which 
they  had  pointed  out. 

In  the  second  volume  of  the  "  Memoirs  of  the  (Commission  for  the 
Geological  Map  and  Description  of  the  Netherlands,"  is  published  a 
list  of  the  fossils  found  in  the  tertiary  deposits  of  Guelderland.  They 
have  been  principally  found  in  variegated  marls  along  the  frontiers  of 
Guelderland  and  Oberyssel,  between  Munsterland  and  Bentheim. 
The  bottom  of  these  marls  has  not  been  reached,  but  they  are  sup- 
posed to  rest  on  the  chalk  which  crops  out  near  Bentneim  and 
Miinsterland.  They  have  been  penetrated  by  borings  to  a  depth  of 
seventy  yards,  and  are  overlaid  by  a  thick  deposit  of  diluvium,  con- 
sisting of  sand  and  gravel  containing  fragments  of  granite  and  other 
plutonic  rocks,  together  with  others  belonging  to  the  primary  and 
secondary  periods. 

.  After  giving  the  list  of  fossils  from  these  clays,  in  some  of  which 
septaria,  gypsum,  and  iron  pyrites  are  found,  the  Commissioners  con- 
clude with  the  following  remarks: — "From  the  geographical  po- 
sition, the  mineral  composition,  and  particularly  from  the  fossils,  we 
must  conclude  that  the  tertiary  formations  of  Guelderland  belong  to 
the  Miocene  division  of  Nortn  Germany,  according  to  the  nomen- 
clature of  Beyrich.  When  the  work  of  Prof.  Beynch  shall  be  more 
advanced,  we  shall  see  with  which  of  the  North  German  locaHties  the 
Netherland  beds  have  the  greatest  connexion ;  but  it  will  probably 
be  with  those  of  the  marls  of  Bersenbruck,  north  of  Osnabriick.  A 
great  number  of  the  fossils  are  identical  with  those  of  Dumont's 
Tongrian  and  Bupelian  systems  of  Belgium  (Upper  Eocene  of  Lyell, 
=]mocene  of  Beyrich,  Hebert,  and  others) ;  but  it  is  remarkable  that 
about  a  twentieth  of  them  are  the  same  as  those  of  the  Scaldisian 
system  of  Dumont  (the  Antwerp  crag  of  Lyell),  and  these  belong  to 
the  Pliocene  period,  a  remark  which  has  also  been  made  by  Beyrich 
respecting  the  fossils  found  at  Bersenbruck.'' 

It  is  impossible  to  overlook  the  importance  of  this  discovery  as 
affording  fresh  evidence  of  the  close  connexion  between  the  forma* 
tions  of  Belgium  and  North  Germany.    The  occurrence,  too,  of  a 
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certain  proportioi]  of  Antwerp  crag  fossils,  sapposiDg  them,  bb  isliere 
stated,  to  be  really  intermixed  with  the  others,  would  also  tend  to 
prore  the  correctness  of  the  views  of  those  geologists  who  have  been 
disposed  to  consider  the  fossils  of  North  Germany  to  belong  to  a 
system  extending  upwards  into  beds  of  a  newer  period,  rather  than 
to  one  which  should  be  classed  with  the  Eocene  beds  below ; — ^nor 
would  this  view  be  invahdated,  even  should  it  be  found,  on  closer 
examination,  that  these  Antwerp  crag  fossils  belong  to  a  more  recent 
formation  than  the  other  North  German  fossils.  They  all  belong 
evidently  to  a  series  of  beds  the  sequence  of  which  is  uninterrupted, 
and  wonld  thus  equally  prove  the  existence  of  a  gradual  passage 
upwards  rather  than  a  connexion  with  Eocene  beds  below. 

This  same  volume  of  memoirs  also  contains  much  interesting 
matter  respecting  the  overlying  drift  beds  and  diluvium,  some  of 
which  are  referred  to  the  action  of  the  Rhine,  while  others  are  con- 
sidered as  of  Scandinavian  origin.  Here,  then,  we  have  a  wide  field 
open  for  inquiry,  as  the  two  beds  appear  to  be  easily  distinguishable. 

In  reference  to  the  geology  of  £he  Netherlands,  the  *  Bulletin  de 
laSoc.  G60I.  de  France,' vol.  xi.  p.  21,  Nov.  7,  1853,  contains  an  in* 
teresting  notice,  "  Sur  la  Constitutiong^logique  des  environs  d' Am- 
sterdam, &c.,  par  M.  P.  Harting."  The  author  gives  the  particulars 
of  seven  artesian  weUs  at  Amsterdam,  one  of  which  was  carried  to 
the  depth  of  174  metres,  or  172  metres  beneath  the  mean  sea^level. 
All  these  weUs  gave  approximatively  the  same  result.  They  showed 
that  the  surface-bed  was  composed  of  a  peat  1^  to  5|  metres  thick, 
formed  of  freshwater  plants  and  fallen  trees.  Beneath  this  is  a 
series  of  marly  clays,  with  subordinate  sands.  In  mineral  struc- 
ture these  beds  were  found  to  agree  with  the  silt  now  brought 
down  by  the  Rhine  and  Meuse,  whilst  their  organic  remains  show 
ihem  to  have  been  deposited  in  the  sea.  The  mineral  debris  are 
examined  with  great  care  and  skill,  as  are  also  the  organic  remains.. 
Of  the  latter  me  author  determines  nine  species  of  Gasteropods, 
thirteen  species  of  Lamellibranchiates,  several  Zoophytes,  nine  species 
of  Foraminifera,  and  one  Annelid,  mostly  of  recent  species.  One 
bed  is  composed  in  great  part  of  the  siliceous  carapaces  of  Diato- 
macese,  of  which  M.  Harting  enumerates  thirty-three  species,  whilst 
dispersed  in  the  other  beds  are  nine  additional  species.  Only  a  few 
remains  of  plants  are  found — fragments  of  Finus  mflvestris,  Zostera 
marina^  &c. 

Beneath  this  argillaceous  series  is  an  immense  mass  of  sand, 
through  which  none  of  the  borings  have  penetrated,  and  conse- 
quently its  thickness  exceeds  117  metres.  This  deposit  shows  traces 
of  stratification;  but  no  traces  of  organic  remains,  with  the  exception 
of  a  few  firagments  of  plants,  have  been  found  in  it.  It  is  composed 
chiefly  of  fine  sands,  but  contains  also  pebbles  of  quartz,  sandstone, 
syenite,  limestones,  flints,  &c.,  mostly  minerals  not  found  in  the 
upper  beds. 

Another  well  at  Gorinchem  reached  a  depth  of  182  metres ;  here 
.oiganic  remains  were  found  all  through .  To  the  depth  of  1 2 1  metres 
th^  are  land  and  freshwater  remains,  including  bones  of  three 
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spedes  of  mammals,  one  fiah,  nine  land  and  freshwater  shells  (whieh* 
althongh  so  fragile,  are  preserved  entire),  and  traces  of  plants. 
Beneath  this  the  heds  contain  marine  remains,  amongst  which  are 
ten  recent  species  of  shells.  With  these  are  associated  a  con- 
siderahle  nnmher  belonging  to  the  Campinian,  Tongrian,  and  Bmz- 
ellian  Systems  of  M.  Domont,  the  Crag  of  England,  and  the  Cal- 
caire  grossier.  The  author  arrives  at  the  conclusion  that  this  great 
mass  of  sand  and  clajs,  as  well  as  the  lower  sands  of  Amsteraam, 
belong  to  the  Campinian  system  of  Belgium  (or  our  Crag),  and  that 
the  upper  beds  belong  to  the  Lehm  period  or  the  Bhhie.  Further 
examination  is  necessary  before  we  can  conclude  that  this  opinion  is 
correct. 

In  the  island  of  Urk  in  the  Zuyderzee,  M.  Harting  discovered  a 
low  hill  of  diluvial  clay  full  of  fragments  and  boulders  of  the  older 
rocks,  some  two  metres  in  diameter — ^all  rolled.  Many  of  them  belong 
to  the  rock-masses  of  Scandinavia,  and  others  to  those  of  England  and 
JScotland.  The  author  contrasts  this  with  the  deposits  from  the  south 
of  Amsterdam  and  Gk>rinchem,  the  debris  of  which  he  considers  solely 
•derived  from  the  hills  of  the  Rhine  and  the  Ardennes.  He  also 
touches  upon  the  subject  of  the  sradiud  subsidence  of  the  land  in 
Holland,  and  considers  the  fact  of  the  base  of  the  peat  being  two  to 
three  metres  beneath  the  present  mean  sea-level,  a  strong  proba* 
bility  in  favour  of  this  view.  There  are  indications  of  tluis  subsi- 
dence being  at  the  rate  of  two  inches  in  the  century.  At  his  sug- 
gestion a  Commission  has  been  appointed  to  inquire  into  and  deter- 
mine this  question. 

M.  H^rt  has  also  communicated  (Bulletin,  p.  419)  a  notice  on 
the  *'  Plastic  Cla^'  of  Paris,  and  its  relations  to  the  beds  in  the  north 
of  the  Paris  basm.  The  puddingstones  of  Nemours,  which  attain 
a  thickness  of  thirty  or  forty  feet,  he  now  agrees  with  M.  de  Boys 
.Qp.  453)  in  placing  at  the  base  of  the  Tertiary  series,  and  he  con- 
siders them  to  result  from  an  extensive  denudation  of  the  chalk  and 
eakaire  pidolttique  which  took  place  after  the  deposition  of  the  Billy 
beds.  The  mottled  and  pure  plaatic  clays  which  next  succeed,  form, 
according  to  this  author,  a  distinct  and  separate  zone,  always  under* 
lymg  ihe/aussea  glaues  and  the  lignites  of  the  Soissonnais ;  and  in 
this  respect  these  mottled  clays  would  differ  from  those  in  this 
country,  which  Mr.  Prestwich  has  shown  to  be  intercalated  vdth  the 
lignites  and  fosriliferous  sands.  The  upper  sands  of  the  Soissonnais 
ire,  as  it  is  well  known,  wanting  in  the  neighbourhood  of  Paris. 
He  then  proceeds  to  show  what  were  the  conditions  under  which 
this  series  of  beds  were  deposited,  and  remarks  that  probably  lam 
brackish  water  lagoons  extended  from  Paris  to  Reading  and  Brussek, 
among  which  were  here  and  there  freshwater  lakes  of  greater  or 
less  extent.  He  offers  no  positive  theory  to  account  for  the  origin 
of  the  pure  plastic  clay,  but  suggests  that  it  may  possibly  have  been 
ejected  in  the  same  way  as  the  gypsum  beds.  On  this,  however,  he 
does  not  insist. 

M.  d'Archiac  and  M.  de  Roys  differ  on  this  subject  from  M. 
HAert. 
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M.  HS>ert  has  also  given  (p.  647)  some  further  derelopment  to 
his  views  respecting  that  curious  deposit  of  Billy,  with  its  large 
Pkysa  and  numerous  land  and  freshwater  shells.  This  travertine  with 
the  underlying  white  sands  M.  H^rt,  in  a  previous  memoir,  had 
placed  at  the  base  of  all  the  tertiary  beds,  considering  it  a  lake 
deposit  of  which  the  greater  part  had  been  swept  away  prior  to  the 
deposition  of  the  marine  sands  of  Rbeims,  which  latter  underlie  in  this 
district  the  lignite  and  plastic  clay  series.  In  a  paper  communi- 
cated to  the  Geological  Society  of  France,  Mr.  Prestwich  contested 
these  views,  and  endeavoured  to  show  that  the  white  sands  of  Billy 
were  merely  an  altered  and  local  condition  of  the  marine  sands  of 
Rheims,  tliat  the  Rilly  travertine  was  consequentlv  newer  than  these, 
and  that  it  belonged  to  the  base  of  the  lignite  and  plastic  clay  series. 
As  the  group  of  organic  remains  belonging  to  these  beds  is  one  per 
Wy  the  solution  of  this  question  depends  upon  stratigraphical  evi- 
dence. M.  H^ert  now  adduces  further  arguments  in  support  of  his 
opinion,  and  shows  that  this  travertine  has  a  far  wider  range  than 
before  known,  having  found  it  at  Dormans,  and  extending  to  the 
confines  of  the  department  of  the  Oise. 

M.  Ami  Bou6  gives  (Bulletin,  vol.  xi.  p.  61)  the  result  of  some 
carious  researches  on  which  he  has  been  engaged  respecting  the 
depth  of  former  seas  and  the  height  of  former  moimtains,  and  con- 
cludes that,  taking  the  mean  depth  of  the  present  seas  to  be  from 
12,000  to  18,000  metres,  there  is  a  gradual  decrease  from  that 
depth  to  the  seas  of  the  older  geological  periods — the  Tertiary  seas 
having  averaged  10,000  to  16,000  metres,  the  Cretaceous  8000 
metres,  and  finally  the  Permian  and  older  seas  3500  to  9000  metres. 
At  the  same  time  he  estimates  that  the  mountain  chains  of  the  earth 
have  now  attained  their  greatest  elevation,  or  a  mean  which  he 
makes  exactly  equal  to  the  depth  of  the  present  seas  given  above : 
iu  the  same  proportion  he  fixes  the  height  of  the  older  moun- 
tains, making  those  of  the  Permian  and  Silurian  period  3500  up  to 
9000  metres  in  height.  He  also  estimates  the  mean  elevation  of 
the  present  general  surface  of  the  land  (mountains  excepted)  to  be 
300  metres,  gradually  decreasing  to  100  and  even  60  metres  during 
the  Permian  and  older  periods. 

My  predecessor  in  this  chair  alluded  in  his  address  at  our  last 
•nniversary  to  the  "  Treatise  on  the  Tertiaries  of  the  Mayence  Basin," 
by  Dr.  F.  Sandberger  of  Wiesbaden,  but  delayed  entering  on  the 
consideration  of  its  contents,  as  well  as  of  those  of  the  works  of  other 
German  writers,  especially  of  Beyrich  and  Diinker,  until  the  paper 
by  myself  on  the  same  Mayence  tertiaries,  and  which  was  then 
announced,  should  have  been  read  before  the  Society.  This  paper 
haring  now  been  read,  as  well  as  another  paper  on  the  Tertiaries  of 
Hesse  Cassel,  I  shall  endeavour  to  fill  up  the  hiatus  left  by  our  late 
lamented  President  by  putting  together,  as  well  as  I  can,  the  infor- 
mation already  obtained  respecting  the  Tertiary  formations  of  Ger- 
many. Our  late  President  would  have  done  full  justice  to  this 
interesting  subject ;  I  can  only  attempt  to  follow  his  footsteps  at  a 
dbtanee. 
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The  fonnations  described  by  Dr.  Sandberger,  Prof.  Beyrich,  and 
myself  belong  to  the  oldest  marine  tcrtiaries  yet  observed  in  Germany, 
Dr.  Sandberger  refers  solely  to  those  of  the  IVIayence  basin^  the  oi- 
strict  to  \rhich  the  observations  in  my  first  paper  are  chiefly  confined. 
The  work  of  Prof.  Beyrich  treats  of  the  tertiaries  of  North  Ger- 
many, extending  from' Silesia,  the  mountains  of  the  Hartz  and  the 
Teutoberger  Wald,  to  the  shores  of  the  Baltic ;  my  second  paper 
refers  mainly  to  the  tertiaries  in  the  neighbourhood  of  Hesse 
Cassel.  I  will  endeavour  to  point  out  the  principal  geological 
features  of  these  three  districts,  and  to  explain  some  of  the  points  on 
which  differences  of  opinion  stDl  exist.  I  will  take  Dr.  Sandbei^r's 
"  Memoir  of  the  Mayence  Basin  "  as  my  text  for  that  formation.  The 
lowest  member  of  the  tertiary  series  in  this  district  is  the  marine 
sand  of  Weinheim,  near  Alzey.  These  sands  repose  on  hard  red 
sandstone  belonging  to  the  Carboniferous  formation  of  the  Don- 
nersberg,  and  lie  in  the  hollows  between  several  spurs  of  red  sand- 
stone extending  in  a  W.N.W.  direction  from  that  mountain.  Near 
the  edge  of  the  basin  they  are  unfossiliferous,  but  at  the  distance  of 
one  or  two  miles  organic  remains  are  found  in  great  abundance. 
Here  the  sands  become  mixed  with  innumerable  fragments  of  com- 
minuted shells,  and  bands  of  hard  calcareous  rock  alternate  with  the 
shelly  sand.  The  organic  remains  are  purely  marine.  The  sands 
are  overlaid  by  blue  marls  of  considerable  thickness,  which,  while 
preserving  to  a  certain  extent  their  marine  character,  show,  by  the 
great  preponderance  of  Cerithia  of  several  species,  together  with. 
Cyreruti  tne  first  indications  of  a  brackish-water  formation.  Traces 
of  brown  coal  have  been  found  in  some  portions  of  this  lower  bine 
marl.  Above  this  is  a  vast  accumulation  of  limestone  beds,  divided 
by  the  German  geologists  into  three  groups — 1st,  Freshwater  lime- 
stone ;  2nd,  Cerithium  limestone ;  and  3rd,  Littorinella  limestone  ; 
both  of  which  latter  are  characterized  by  the  abundance  of  these 
respective  forms.  The  lower  portion  of  the  Cerithium  limestone 
contains,  in  particular  localities,  a  great  variety  of  Helices  of  several 
species,  besides  other  land  shells,  which  have  led  Dr.  Sandbeiger  to 
give  it  the  name  of  freshwater  limestone.  I  cannot  agree  to  this 
denomination;  the  brackish-water  shells  still  pervade  the  whole 
formation,  and  the  land  and  other  freshwater  shells  have  evidently 
been  drifted  in  by  rivers  pouring  their  waters  into  this  probably  vast 
eestuary  basin.  In  the  same  way  the  mammalian  bones  found  in 
these  formations  have  been  washed  in. 

These  limestone  beds,  which  abound  more  and  more  in  freshwater 
shells  as  we  ascend,  are  again  overlaid  by  a  second  blue  clay  formation* 
containing  in  some  districts,  and  particularly  in  the  Wetterau,  thick 
deposits  of  brown  coal,  which  are  extensively  worked.  These  are 
supposed  by  Dr.  Sandberger  to  be  of  the  same  age  as  the  brown-coal 
beds  of  the  Wester  Wald.  The  blue  marls  still  contain  in  places  a  few 
brackish-water  forms,  as  Cyrena  Faujasii  and  a  small  Cerithium. 

In  the  neighbourhood  of  Hesse  Cassel  the  most  remarkable 
feature  is,  that  the  blue  marls  and  sands  containing  the  remains  of  a 
marine  fauna  overlie  the  extensive  brown-coal  deposits  there  worked. 


Digitized  by 


Google 


JINMI¥XR8ARY  ADDRESS  OF  THE  FRESIDEMT*  IzXTU 

This  marine  fauna  is  supposed  by  Dr.  Fhilippi  and  Dr.  Sandberger 
to  be  newer  tban  that  of  Weinheim.  Again,  in  the  neighbour- 
hood of  Magdeburg  marine  formations  occur  in  two  localities : — 
1st,  the  "Westeregeln  sands,  which  also  overlie  the  brown  coal;  and 
2nd,  the  Magdeburg  beds,  which  are  considered  identical  with  the 
Septaria  clay  of  Brandenburg  and  Berlin.  Of  these  the  Westeregeln 
sauds  are  considered  the  oldest.  Septaria  also  occur  in  the  blue  clays 
in  the  neighbourhood  of  Hesse  Cassel  underlying;  the  bed  of  shelly 
sand,  evidently  belonging  to  the  same  system.  In  my  second  paper 
I  have  stated  the  reasons  why  I  consider  it  not  improbable  that,  not- 
withstanding certain  slight  differences  in  the  organic  contents,  these 
three  deposits  of  Magdeburg,  Cassel,  and  Weinheim  belong  to  one 
formation,  corresponding  as  nearly  as  possible  with  the  Middle 
lomburg  beds  of  Belgium.  They  appear  to  mark  the  commence- 
ment of  a  tertiary  marine  fauna  in  the  North  of  Germany,  and  beine 
thus  evidently  the  commencement  of  a  system,  I  have  been  inclined 
to  look  upon  them  as  older  Miocene  rather  than  younger  Eocene. 
Our  late  President,  in  describing  the  youngest  tertiary  deposits  in 
the  Isle  of  Wight,  mentioned  two  facts,  viz.  that  they  rested  con- 
formably on  the  older  £ocene  deposits,  and  must  therefore  be  taken 
as  a  part  of  that  formation ;  and  secondly,  that  some  of  the  beds 
contained  the  same  organic  remains  as  were  found  in  the  Weinheim 
sands  and  marls.  He  conseouently  concluded  that  these  Weinheim 
beds  must  also  be  Eocene.  ^Iow  it  must  be  observed  that  the  species 
on  which  he  founded  this  opinion  are  not  strictly  speaking  marine, 
but  brackish-water  species,  principally  Cyrena  mharata  and  certain 
forms  of  Cerithia.  I  hardly  think  that  such  evidence  alone  justifies 
this  conclusion.  The  species  have  a  very  considerable  vertical  range, 
and  hence  it  would  perhaps  be  rash*  to  ai^e  on  any  contemporaneity 
from  them  alone ;  and,  moreover,  being  brackish-water  forms,  it  is 
imp(M»ible  to  show  any  connexion  between  the  aestuarine  or  brackish- 
water  areas  at  such  a  distance.  A  similarity  in  the  condition  of  life 
may  have  led  to  the  appearance  of  these  forms  in  different  places  at 
different  epochs ;  and  it  is  therefore  possible,  notwithstanding  the 
identity  of  species,  that  the  two  brackish-water  deposits  of  the  Isle 
of  Wight  and  Weinheim  may  not  be  contemporaneous.  But  even  if 
they  were  so,  we  have  every  day  brought  before  us  additional  evi- 
dence to  show  that  we  must  not  look  for  those  breaks  or  inter- 
ruptions in  the  regular  succession  of  strata,  which  are  considered  as 
marking  the  transition  from  one  formation  to  another,  everywhere  at 
the  same  point.  While  local  convulsions  were  causing  an  inter- 
ruption in  one  district,  the  regular  seouence  of  deposits  was  being 
continued  unbroken  in  another ;  and  thus  the  Eocene  deposits  may 
have  continued  in  the  Isle  of  Wight  for  some  time  after  those 
changes  in  the  relative  level  of  land  and  sea  had  taken  place,  which 
in  the  North  of  Germany  marked  the  commencement  of  the  Miocene 
epoch.  We  may  theremre  have  here  one  of  those  anomalous  de- 
posits between  two  hitherto  supposed  distinct  formations,  combining 
some  of  the  characteristic  features  of  each,  and  which  must  be  con- 
sidered as  marking  the  transition  from  the  one  to  the  other. 


Digitized  by 


Google 


IxZVlii  PROCSKDIMOS  OF  THE  GEOLOGICAL  SOCUTY* 

Bat  besides  these  Magdeburg  and  Westeregeln  sands,  other  ter- 
tiary  deposits  occur  in  the  North  of  Germany  which  belong  to  a 
younger  period.  They  occur  along  the  shores  of  the  Baltic,  and 
through  the  N.£.  portions  of  Holland,  and  have  been  by  some 
identified  with  the  crag  of  Antwerp.  Their  exact  extent  and  super- 
position to  the  IViiocene  beds  does  not  appear  to  have  been  yet  fully 
made  out. 

Turning  our  attention  now  to  the  more  Eastern  and  Southern 
parts  of  Germany,  it  may  be  observed  that  some  of  the  tertiary  de- 
posits of  the  Vienna  basin  which  have  been  long  known  for  the 
abundance  of  their  fossil  contents,  are  probably  of  an  older  age  than 
the  Antwerp  crags.  My  lamented  predecessor  in  this  chair  alluded 
last  year  to  the  valuable  work  by  Dr.  Homes,  describing  the  fossil 
mollusca  of  the  Vienna  basin.  This  is  generally  subdivided  into 
three  groups,  the  Lower  Tegel,  the  Upper  Tegel,  and  the  Leitha 
Limestone;  and  although  no  marked  distinction  or  break  can  be 
pointed  out,  the  lower  beds  are  generally  described  as  Miocene,  and 
the  upper  as  Pliocene.  The  difficulty  of  marking  any  separation  has 
led  some  German  geologists  to  describe  the  whole  under  the  new 
name  of  "Neogene."  The  fact,  however,  appears  to  be,  that  we  have 
here  the  undisturbed  passage  from  the  Miocene  to  the  Pliocene 
formation,  thus  filling  up  the  gap  between  the  Septaria  clay  of 
Brandenburg  and  the  Crag  of  Antwerp. 

Of  late  years  the  progress  of  geological  inquiry,  and  perhaps  also 
the  extension  of  railway  cuttings,  have  pointed  out  many  localities  in 
North  and  East  Germany  where  tertiary  deposits  have  been  dis- 
covered containing  fossils  which  bear  a  remarkable  identity  with 
those  of  Vienna.  A  short  time  ago  Prince  Schonaich  Carolath  com- 
municated to  Professor  Beyrich»the  discovery  of  numerous  tertiary 
fossils  in  Upper  Silesia,  in  the  neighbourhood  of  Konigshutte  and 
Gleiwitz,  near  the  village  of  Mikultschiitz.  Their  appearance  at  once 
suggested  an  identity  with  those  of  the  Vienna  basin.  Prof.  B«uss 
of  Prague  has  since  published  in  the  'Journal  of  the  Geological 
Society  of  Germany*,*  an  account  of  a  critical  examination  of  the 
specimens  forwarded  to  him  for  that  purpose.  His  attention  was 
principally  directed  to  the  Foraminifera,  the  Bryozoa,  and  JBntomo- 
straca,  and  the  result  has  been  to  show  a  remarkable  identity  with 
those  of  the  Vienna  basin.  The  spot  where  they  have  been  found 
is  on  the  direct  road  from  Breslau  to  Cracow,  and  about  sixty  miles 
north  of  the  Carpathian  chain.  After  describing  the  species.  Prof. 
Beuss  observes,  that  out  of  139  species  sent  to  him,  there  are  only 
thirteen  which  were  not  already  known  from  the  Vienna  basin.  The 
Silesian  fossils  are  referred  to  two  principal  localities,  Miechowitz  and 
Mikultschutz.  With  regard  to  the  former.  Prof.  Beuss  observes,  that 
**  the  calcareous  marl  of  Miechowitz  cannot  well  be  paralleled  vrith 
any  particular  group  of  the  Vienna  basin,  but  may  rather  be  looked 
upon  as  representing  the  whole  three  groups  together.  At  the  same 
time  it  must  be  observed,  that  the  fossil  remains  rather  seem  to  pomt 

»  Vol.  Ill-  p.  149. 
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to  a  connexion  with  the  nppennost  group,  the  Leitha  limestone ;'' 
he  adds,'  that  this  opinion  is  solely  founded  on  an  examination  of  the 
fonns  of  Foraminiferay  Bryozoa,  and  Entomastraca,  With  regard  to 
the  other  formation,  that  of  Mikultschiitz,  which  is  not  so  rich  in 
organic  remains,  he  ohserres,  that,  considering  the  total  absence  of 
the  Bryozoa^  so  characteristic  of  the  Leitha  Umestone,  the  proba- 
bihty  is  that  the  clay  beds  of  Mikultschutz  are  the  equivalent  of  the 
Vienna  Tegel,  with  a  somewhat  greater  tendency  to  the  upper  rather 
than  the  lower  group. 

With  regard  to  the  further  extension  of  this  formation  north  of 
the  Carpo^uiian  hills,  I  may  observe,  that  Prof.  Ruh  has  ascertained, 
by  the  discovery  of  fossUs,  that  the  gypsum  deposits  of  Upper 
Silesia,  in  the  neighbourhood  of  Ratibor  and  Troppau,  also  belong 
to  the  Tegel  of  the  Vienna  basin.  Amongst  the  fossils  which  occur 
at  Schreibersdorf,  between  Troppau  and  Ratibor,  Prof.  Kuh  men- 
tions, besides  several  species  of  Foramini/era,  Natica  glaucinoides^ 
Sow.,  and  Corbuia  rugosa.  Lam.,  both  abundant  in  the  Vienna 
basin.  Prof.  Labecki  of  Warsaw,  in  describing  the  Brown-coal 
and  Salt  deposits  of  Poland,  observes,  that  the  Brown-coal  beds, 
which  Leopold  v.  Buch  had  already  identified  with  the  Brown- 
coal  of  Upper  Silesia,  and  considered  as  a  Middle  Tertiary  forma- 
tion, extend  into  the  kingdom  of  Poland,  thus  showing  a  connexion 
between  the  Miocene  deposits  along  the  foot  of  the  Sudetes  (the 
ERffebirge  and  the  Riesengebirge),  and  those  in  Poland  at  the  foot 
of  the  Carpathian  Mountains,  and  that  they  are  generally  connected 
with  the  Salt  deposits,  such  as  those  of  Wieliczka,  &c.  It  does  not 
appear  that  the  Miocene  fossils  have  yet  been  found  in  Poland;  but 
in  the  neighbouring  province  of  GaUicia,  on  the  N.E.  slope  of  the 
Carpathian  chains,  the  Brown-coals  and  Saliferous  clays  are  overlaid 
by  a  bed  1!J  feet  thick,  containing  in  abundance  the  fossils  of  the 
Leitha  limestone  and  the  Tegel  of  Vienna*. 

I  must,  however,  observe,  that  the  statement  of  Prof.  Labecki, 
confirming  the  remark  of  L.  v.  Buch,  that  there  is  only  one  Brown- 
coal  formation  in  Europe,  appears  to  me  to  require  some  modifica- 
tion. In  one  respect  indeed  it  may  be  correct,  viz.  that  they  all 
belong  to  the  Miocene  period.  But  the  Brown-coal  formation  which 
extends  from  BrandenWrg  through  Silesia  into  Poland,  must  not  be 
confounded  with  that  which  occurs  so  extensively  in  the  neighbour- 
hood of  Magdeburg  and  Westeregeln.  The  latter  underlies  the 
fossiliferous  sands  of  Westeregeln  and  of  Magdeburg,  which  belong 
to  the  oldest  tertiaries  of  Northern  Germany,  whereas  it  appears 
from  the  statements  of  Herr  Plettner  of  Berlin,  that  the  Brown-coal 
of  Mark  Brandenburg  overlies  the  Septaria  clay  of  Magdeburg  and 
Berlin,  which  again  overlies  the  sands  of  Westeregeln.  Plettner, 
however,  considers  the  Septaria  clay  as  forming  the  lowest  member 
of  the  whole  Brown-coal  formation  of  Brandenburg. 
We  have  thus  the  following  sequence  in  ascending  order  :— 

1 .  Brown-coal  of  Magdeburg,  resting  on  blue  clay. 

2.  Westeregeln  sands. 

*  L.  V.  Bncb,  Arcbiv,  v.  Ksrsten  ik  v.  Decfaen,  voL  xxv.  p.  164. 
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3.  Septaria  clay  of  Magdeburg,  Berlin,  Stettin,  &c. 

4.  Brown-coal  of  Brandenburg,  Silesia,  Poland,  &c. 

5.  Tertiary  beds  of  Gallicia, — the  equivalents  of  the  Vienna  baiun. 
The  recent  investigations  of  the  Austrian  geologists,  encouraged 

by  the  establishment  of  the  Imperial  Geological  Institute  of  Vienna* 
and  the  admira1)le  publication  of  the  fossils  of  the  Vienna  basin  by 
Homes,  have  led  to  the  more  perfect  examination  of  other  beds  con- 
taining an  identical  fossil  fauna  in  other  portions  of  the  Austrian 
empire,  and  especially  in  Hungary  and  Transylvania. 

In  the  5th  vol.  of  the  *  Journal  of  the  German  Geological  Society ' 
is  an  interesting  account  by  Prof.  Neugeboren  of  the  fossil  remains 
found  at  Ober  Lapugy  in  Transylvania,  in  the  valley  of  th^  Marosch, 
not  far  from  the  Banatic  frontier.  Prof.  Neugeboren  describes  this 
locality  as  one  of  unusual  interest.  A  bed  of  clay  upwards  of  300 
feet  in  thickness,  occupying  the  small  extent  of  1000  square  toises, 
about  40,000  square  feet,  represents  the  whole  of  the  tertiary  de- 
posits of  the  Vienna  basin.  In  the  formation  of  these  deposits  there 
has  been  no  interruption  or  break  whatever.  The  whole  has  been 
formed  in  one  long  period  of  continued  repose ;  almost  every  species 
from  the  different  groups  of  the  Vienna  basin  has  been  found  here 
in  the  most  perfect  state  of  preservation,  together  with  many  others 
not  yet  found  near  Vienna,  viz.  Canus  noetumtu.  Lam. ;  Cypnea 
rugosa,  Grat. ;  Cyprcsa  H&men,  Neugeb. ;  Marginella  JDeahayeni^ 
Michelotti ;  Mitra  striat(hplieatay  Bdlardi ;  Columhella  Dujardini^ 
Homes,  &c.  Thus  we  have  here  a  gradual  passage  from  the  Mio- 
cene to  the  Pliocene  formation  without  any  break,  the  upper  beds  of 
the  Vienna  basin  being  considered  the  equivalents  of  the  Subapen- 
nine  formation  in  Italy.  This  opinion  is  confirmed  by  Prof.  Beuss, 
who,  in  his  examination  of  the  JPoraminifera,  &c.  of  Upper  Silesia, 
found  many  forms  identical  with  those  of  the  Subapennine  formation 
of  Castell'arquato,  besides  others  still  living  in  the  Adriatic. 

We  also  leam  from  the  reports  of  the  meeting  of  the  Imperial 
Geological  Institute  of  Vienna,  that  Dr.  Homes  visited  Hungary  and 
Transylvania  last  summer,  principally  for  the  purpose  of  ascertaining 
how  far  the  tertiary  deposits  in  those  countries  coincided  with  those 
of  the  Vienna  basin.  He  has  reported  that  the  mineralogical  and 
palaeontological  points  of  resemblance  between  these  two  widely 
separated  regions  are  so  complete,  that  there  can  be  little  doubt,  if 
any,  of  their  perfect  identity.  The  sea,  which,  during  the  period  of 
their  deposit,  occupied  the  Vienna  basin,  seems,  as  Dr.^  Homes 
reports,  to  have  been  the  connecting  link  between  two  large  con- 
temporaneous oceans,  the  one  covenng  the  upper  Danubian  basin» 
the  other  the  plains  of  Central  Hungary,  as  in  the  present  day 
the  Sea  of  Marmora  forms  the  connexion  between  the  Black  Sea 
and  the  iBgean.  The  tertiary  deposits  of  Korod  and  Lapugy  in 
Transylvania,  of  Kemesert  in  Banat,  of  Baden,  Steinabrunn  and 
Oltnanz  in  Austria,  together  with  those  of  Vilshofen  in  Bavaria,  of 
S.  Gallen  in  Switzerland,  and  of  Montpellier,  Bordeaux,  and  Touraine 
in  France,  whose  faunas  (with  the  exception  of  local  modifications) 
have  all  the  same  character,  may  serve  to  point  out  the  extent  of  the 
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ocean  which^  during  a  portion  of  the  Tertiary  period^  covered  a  con- 
siderable portion  of  Middle  and  Sonthem  Europe  from  east  to  west. 
Dr.  Homes  confirms  the  statement  of  Prof.  Neugeboren  respecting 
the  remarkable  abundance  of  fossils  in  the  tertiary  beds  of  Lapugy, 
where  some  of  the  shells  still  retain  traces  of  colour.  In  another 
report  he  mentions  that  the  Vienna  basin  has  now  produced  1300 
species  of  animal  remains,  of  which  600  are  mollusca.  He  has  also 
stated,  that  on  comparing  a  collection  of  sixty-fiye  species  of  ter- 
tiary fossils  from  Girgenti  in  Sicily,  no  less  than  forty-five  are 
identical  with  those  of  Vienna. 

On  this  subject  I  will  only  further  add,  in  reference  to  the  remark 
of  Prof.  H&mes  respecting  the  former  extent  of  the  Miocene-Plio- 
cene ocean,  that  Prof.  Bianconi  of  Bologna,  in  his  Latin  essay 
"  De  Mari  ohm  occupante  planities  et  cofles  Italiee,  Grsecise,  Asise 
Minorisy  &c.,  et  de  ^tate  terreni  quod  geologi  appellant '  Mames 
blenes/  "  has  some  interesting  details  on  the  subject ;  and  for  this 
reason,  although  not  exactly  relating  to  the  progress  of  geology 
dnring  the  past  year,  I  venture  briefly  to  allude  to  it  on  this  occasion. 
After  describing  the  extent  of  the  marine  tertiaries  of  Italy,  and  along 
the  shores  of  Greece  and  of  the  Archipelago,  in  which  ne  observes, 
that  the  usual  characteristics  of  the  formation  are  blue  clays  beneath, 
overlaid  by  yellow  sands,  the  latter  abundantly  rich  in  fossils,  chiefly 
the  equividents  of  those  now  Hving  in  the  neighbouring  sea,  he  pro- 
ceeds to  describe  the  valley  of  the  Danube,  and  shows,  that  as  Vienna 
is  only  480  feet  above  the  level  of  the  sea,  a  very  sheht  depression 
(less  indeed  than  that  required  in  many  parts  of  Italy)  would  bring 
the  whole  valley  of  the  Danube  in  connexion  with  the  Mediterranean 
waters,  thus  forming  a  vast  bay  in  the  ancient  Phocenic  ocean.  He 
then  shows,  chiefly  on  the  authority  of  A.  Bou^,  that  this  vast  Plio- 
cene sea  extended  over  Gallicia,  PodoUa,  Bukowina,  and  even  over 
parts  of  Southern  Russia,  where  it  is  now  covered  by  a  younger 
formadoD,  through  the  Crimea  and  to  the  very  confines  of  the  Cas- 
pian Sea,  referring  to  the  works  of  De  Vemeuil  on  the  geolo^  of  the 
Crimea,  published  in  the  'M^moires  de  la  Soci^t^  G^l.  de  rrance,' 
t.iii.  1  9&t.  1838,  p.  12. 

But  I  must  not  pursue  this  subject  any  further.  The  further  ex- 
amination of  these  Miocene  formations  throughout  the  North  of 
Germany  may  perhaps  enable  us  to  have  a  better  idea  of  the  former 
limits  of  the  Miocene  sea,  and  of  the  connexion  between  different 
portions  of  it,  than  was  entertained  by  those  who  looked  only  to  the 
Bosphorus  as  the  means  of  communication  between  the  Mediterra- 
nean and  the  Danubian  Miocene-PHocene  deposits.  Every  year  now 
adds  rapidly  to  our  knowledge,  and  I  trust  we  may  look  forward  to 
more  complete  details  from  the  efforts  and  zealous  cooperation  of  the 
geologists  of  Germany  at  no  very  distant  period. 

Prof*  Kaup  of  Darmstadt  has  taken  advantage  of  the  recent  dis- 
coveries of  photography  to  illustrate  his  last  publication  on  the  Fossil 
Mammalia.  The  organic  remains  thus  illustrated  are  those  of 
several  species  of  Rmnoceros,  a  family  to  which  Prof.  Kaup  has 
/or  many  years  devoted  his  attention.    It  is  well  known  that  the 


Digitized  by 


Google 


IxXZii  PBOCSEDINOS  OF  THS  GBOLOOfCAL  SOCIBTt. 

MuBeum  of  Dannstadt  holds  high  rank  for  its  valnable  collection  of 
fossil  bones,  a  very  large  proportion  of  which  have  been  collected  by 
Prof.  Kaup  himself.  The  photographic  illustrations  are,  I  believe, 
the  first  instance  of  the  application  of  this  process  to  such  a  pur- 
pose, at  least  on  such  a  scale  as  is  here  given ;  the  result  is  highly 
satisfactory  as  far  as  correctness  of  delineation  and  general  e£Pect  are 
concerned,  though  it  might  be  a  question  how  far  it  would  answer  to 
produce  the  necessary  number  of  copies  required  for  a  large  sale. 

From  Italy  we  have  also  received  interesting  contributions  to  ter- 
tiary geology,  in  a  memoir  describing  the  fossils  of  Monte  Mario,  near 
Rome,  collected  by  the  Count  de  Ra3nieval,  M.  Van  den  Hecke,  and 
Prof.  Ponzi.  The  section  of  Monte  Mario  given  by  the  authors  con- 
sists in  descending  order  of — 1.  a  bed  of  volcanic  tuff,  which  forms 
the  capping  of  the  hill ;  2.  sands  and  concretions ;  3.  fossiliferous 
sand ;  4.  fine  sand ;  5.  blue  marl,  probably  Subapennine.  The 
beds  dip  slightly  to  the  N.W.  The  authors  insbt  on  the  care  with 
which  they  have  confined  their  remarks  exclusively  to  the  fossils  of 
the  sandy  beds,  excluding  altogether  those  of  the  Subapennine  marls, 
which  are  the  marls  of  the  Vatican,  and  form  the  basis  of  the  hill. 
The  great  feature  of  the  whole  deposit  is  the  preponderance  of  La- 
melUbranchiate  bivalves.  The  general  arrangement  is  described  as 
follows  : — The  lowest  bed  contains  Panopaa,  Terebratula,  and  Cla^ 
vagella  in  its  natural  position.  Above  these  is  a  compact  zone  of 
Ostretiy  Pecten,  &c.  This  is  followed  by  a  bed  in  which  Peetuncuhu  is 
most  abundant  (''  en  quantity  prodigieuse  ").  Above  them,  in  a  fine 
sand,  are  Cardiutn,  Tellina,  Fefius,  Syndomnya,  Lueina,  with  myriads 
of  Venua  ovata,  Mactra  trianyula,  Leda  minuta,  Carbula  atriaiay 
with  Lutraria  and  Area  tnytiloides  in  the  upper  portion.  Above 
these  is  another  Oyster-bank  (Ottrea  foliosa),  with  a  few  species  of 
Pee  ten;  after  which  all  trace  of  organic  remains  disappears.  The 
authors  then  proceed  to  point  out  the  relations  which  exist  between 
the  ensemble  of  these  fossU  remains  and  the  existing  fauna  4>f  the  Me- 
diterranean, 210  species  out  of  270  collected  being  still  found  in  the 
neighbouring  sea.  However  correct  the  conclusion  may  be  to  which 
the  authors  have  come,  that  the  sea  in  which  this  fauna  lived  must 
have  been  differently  constituted  from  the  present,  some  of  the  data 
on  which  that  conclusion  is  founded  will  require  modification  in  thdr 
future  publication,  inasmuch  as  they  place  Psammobia  ferroenM, 
Venua  ovatOy  and  others,  amongst  the  shells  which  are  rare  in  the 
living  state;  and  in  ai^^uing  on  the  absence  of  other  forms,  now  abun- 
dant in  the  Mediterranean,  they  overlook  the  fact  that  such  forms  as 
Mitra,  Columbella,  Murex,  Buccinumf  Purpura^  &c.,  are  generally 
only  found  on  rocks  and  a  rocky  coast,  and  do  not  abound  on  soft 
and  sandy  bottoms. 

With  regard  to  the  age  of  this  formation,  the  authors  consider 
it  to  be  intermediate  between  the  plutonic  action  which  caused  the 
elevation  of  the  Apennines,  and  tiie  volcanic  action  which  formed 
the  chain  of  volcanos  of  Italy  and  Sicily  parallel  to  the  axis  of  the 
central  chain. 

According  to  the  section  which  they  have  published,  these  fossili- 


Digitized  by 


Google 


ANNrVBaaARY  ADDSB8S  OF  THS  PRXBIDSNT,  IxXXlii 

ferons  sands  OTcrfie  confonnablj  the  blue  Subapennine  marls,  but  it 
may  still  be  doubted  whether  they  belong  absolutely  to  the  same  for- 
mation. They  appear  to  correspond,  to  a  remarkable  degree,  with 
a  formation  which  I  have  described  in  an  account  of  the  geolo^  of 
some  parts  of  Tuscany  *,  where  it  forms  the  capping  of  the  hui  on 
which  the  town  of  Yolterra  is  built,  and  has  received  from  Savi 
the  name  of  Panekina  ;  the  only  difference  being  that  some  of  the 
Panchina  beds  hare  a  more  calcareous  composition,  which,  however, 
is  only  local,  and  I  have  also  described  these  calcareous  beds  as 
alternating  with  others  of  an  arenaceous  character.  Bivalves  also 
greatly  preponderate  in  the  Panchina,  particularly  Ottrea  and  Pecten; 
1  also  found  the  upper  bed  of  shelly  limestone  equally  full  of  Cardium, 
Peeteny  and  OstreOy  but  in  a  comminuted  state.  I  think  it  would  be 
desirable,  that  the  authors,  in  publishing  a  more  detailed  account  of 
the  fossils  which  they  promise  for  this  year,  should  revise  their  list  of 
extinct  species,  for  I  find  amongst  them  several  which  are  given  by 
different  authorities  as  still  living;  amongst  these  I  may  mention 
Syndoemya  Bemeri,  a  living  Sicilian  species.  Tapes  virginea,  Ostrea 
eduUa,  Nassa  muriva,  N.  semistriata,  and  Dentalium  coarctatum. 

In  the  '  Giomale  dell'  I.  B.  Istituto  Lombardo  di  Scienze,  Lettere 
ed  Arti'  for  1854,  is  an  interesting  account  of  the  fossil  flora  of  Sini- 
gagha,  by  Prof.  Massalongo  of  Verona.  The  formation  is  described 
as  Biiocene ;  the  general  geological  features  of  the  country  are  Sub- 
apennine. I  will  only  observe,  that  the  memoir  is  illustrated  by  four 
plates,  of  vegetable  remains,  executed  in  coloured  hthography  with  a 
d^;ree  of  perfection  and  effect  which  is  beyond  all  praise.  The  same 
journal  also  contains  an  account  of  the  Pachypleura  EdwarcUii,  Cor., 
a  new  species  of  Acrodont  Saurian  from  the  triassic  strata  of  Lom- 
bardy,  by  Emilio  Comalia.  Parts  of  several  individuals  of  this  species 
have  been  found,  chiefly  in  the  schists  of  Besano.  The  work  is 
accompanied  by  two  illustrations,  showing  the  broken  fragments  of 
the  organic  remains  as  found,  together  with  a  representation  of  the 
animal  restored. 

The  observations  by  M.  de  Yemeuil  and  M .  de  Loriire  on  the 
gedlogy  and  physical  geography  of  Spain  (Bull.  Fr.  p.  661)  form  an 
important  contribution  to  our  knowledge  of  a  country  of  which  so  Uttle 
on  these  points  is  known.  They  record  above  400  barometrical  and 
thermometrical  observations,  and  establish  generally  the  altitude  of 
the  extensive  table-lands  and  mountain-cluans  which  constitute  so 
large  a  portion  of  that  country. 

Asia. 

M.  Pierre  de  Tchihatcheff  has  published  in  the  *  Bulletin  de  la 
Societe  Geologique  de  France'  some  interesting  additions  to  our 
knowledge  of  the  geology  of  Asia  Minor.  His  memoir  embraces 
three  subjects : — 1st.  The  tertiary  deposits  of  a  portion  of  Cilicia 
TrachsBa,  Cilicia  Campestris,  and  Cappadoda.  2nd.  The  tertiary 
deposits  of  the  south  of  Caria  and  of  a  portion  of  the  north  of  Pisidia. 

*  See  Qoart.  Joum.  Geol.  Soc.  vol.  i.  p.  278. 
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3rd.  The  Palaeozoic  deposits  of  Cappadocia  and  of  the  Bosphoros. 
Haying  myself  had  an  opportunity  of  exploring  the  geology  of  some 
parts  of  Asia  Minor,  I  am  the  more  anxious  to  lay  before  you  a  short 
notice  of  the  results  of  M.  de  Tchihatcheffs  inquiries,  which  may  be 
considered  as  supplementary  to  his  paper  published  in  1850. 

In  the  first  portion  of  his  memoir,  M.  de  TchihatchefP,  starting  from 
Karaman,  a  large  town  of  Lycaonia,  sixty  miles  S.E.  of  Iconium, 
describes  an  interesting  and  extensive  tertiary  deposit  abounding  in 
fossils,  and  which  he  attributes  to  the  Miocene  period.   This  formation 
commences  within  six  or  eight  miles  south  of  Karaman,  and  has  been 
traced,  more  or  less  developed,  to  the  coast  of  the  Mediterranean.    In 
fact,  commencing  on  the  northern  flank  of  the  Taurus,  it  is  found  in 
thin  horizontal  beds  amongst  the  highest  peaks  of  the  mountain  chain, 
capping  with  its  perfectly  level  deposits  the  highly  inclined  lime- 
stones, marls,  and  schists  of  the  cretaceous  rocks]  whilst  on  the 
southern  flanks  of  the  Taurus  it  constitutes  to  an  enormous  thickness 
the  broken  and  rugged  country  which  intervenes  between  it  and  the 
sea.     In  an  easterly  direction  he  has  traced  it  for  upwards  of  seventy 
leagues,  occupying  almost  the  whole  country  between  the  southern 
crest  of  the  Taurus  and  the  Mediterranean.     In  the  rich  diluvial 
plain  of  Tarsus  and  Adana  it  is  found  in  river-sections  under  the 
diluvium,  whilst  nearer  the  mountains  it  is  itself  occasionally  under- 
laid by  tertiaries  of  an  older  epoch,  viz.  the  nummuhtic  hmestone 
of  the  Eocene  period.     The  occurrence  of  this  extensive  Miocene 
deposit  on  the  snores  of  the  Mediterranean  is  a  fact  of  considerable 
interest,  agreeing  as  it  does  with  the  observations  made  by  Prof. 
Forbes  on  the  shores  of  Lvcia,  who,  in  the  2nd  vol.  of  his  '  Travels 
in  Asia  Minor,'  describes  the  marine  tertiaries  met  with  at  four  loca- 
lities.    The  principal  of  these  is  at  Saaret,  near  Antiphellus,  where 
he  and  his  companions  collected  thirty-four  species  of  MoUusca  in 
good  preservation.     From  a  careful  examination  of  these  species,  our 
late  President  had  already  come  to  the  conclusion  that  these  Lycian 
tertiaries  belonged  to  the  Miocene  age,  and  were  contemporaneous 
with  the  formations  of  Bordeaux  and  of  Touraine,  and  with  the 
Miocene  tertiaries  of  Italy.    There  is,  however,  one  very  remarkable 
difference  between  the  rossils  found  by  Prof.  Forbes  and  those  of 
M.  de  Tchihatchefl^,  in  the  different  proportions  of  univalves  and 
bivalves.     Out  of  the  thirty-four  species  of  Prof.  Forbes,  five  only 
are  bivalves  and  twenty-nine  univalves.     M.  de  TchihatchefP,  on  the 
other  hand,  out  of  forty-one  species  found  in  the  valley  of  Kuddne, 
gives  only  twelve  univalves,  the  remainder,  with  the  exception  of  one 
Echinoderm,  being  bivalves. 

It  is  well  known  that  highly  fossiliferous  beds  of  the  Pliocene  age 
occur  in  the  islands  of  the  iEgeaii,  on  the  shores  of  the  Morea,  and 
at  Lixouri  in  the  island  of  Cephalonia,  besides  other  places  on  the 
shores  of  the  Mediterranean.  It  is  therefore  to  be  hoped  that  with 
the  assistance  of  these  Miocene  formations  in  the  Eastern  Mediterra- 
nean»  some  future  geologist  may  be  enabled  to  make  out  the  exact 
relations  between  the  PHocene  and  Miocene  and  earlier  tertiary 
deposits. 
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The  second  portion  of  M.  de  Tchihatcheff's  memoir  refers  to  the 
tertiary  deposits  in  the  south  of  Caria  and  in  a  portion  of  the 
north  of  Puidia.  In  the  first  place  he  describes  an  interesting  sec- 
tion from  Melassa  to  Geramo,  situated  on  the  northern  shore  of  the 
Gulf  of  Cos.  The  nucleus  of  the  country,  as  in  most  of  the  other 
mountain-chains  which  I  have  seen  in  that  part  of  Asia  Minor,  con- 
sists  of  day-slates  and  crystalline  limestone,  capped  on  its  northern 
flanks  by  tertiaiy  lacustrine  deposits  resembling  those  formed  in  other 
parts  of  Asia  Minor.  On  the  southern  slope,  however,  close  to  the 
sea-shore  near  Geramo,  M.  de  Tchihatcheff  describes  the  existence  of 
marine  tertiaries,  which  he  refers  to  the  same  Miocene  formation 
already  mentioned  as  occurring  in  Cilicia;  they  extend  some  way 
along  the  coast  eastward  from  Geramo.  But  the  most  remarkable 
instance  of  their  occurrence  is  the  steep  and  isolated  hill  of  Davas 
or  Daous,  situated  some  fifty  miles  inland  from  the  Gulf  of  Cos,  to 
the  N.£.  Here  M.  de  TchihatchefP  found  an  isolated  hill  consisting 
of  almost  vertical  beds  of  indurated  marls  and  sandstones,  capped  by 
horizontal  beds  of  tertiary  formation  abounding  in  fossils ;  from  the 
collection  he  made,  M.  de  Tchihatcheff  ascertained  that  they  also 
belonged  to  the  Miocene  series.  Thus  it  appears  that  the  Miocene 
seas  here  extended  considerably  inland,  and  to  the  north  of  the 
present  coast.  From  Daous  eastward  to  the  Lake  of  Buldur,  M.  de 
Tchihatcheff  found  no  further  trace  of  tertiary  marine  remains. 

The  third  portion  of  the  memoir  refers  to  the  Palaeozoic  rocks  of 
Cappadocia  and  of  the  Bosphorus.  M.  de  Tchihatcheff  had  already 
briefly  alluded  to  his  discovery  of  Devonian  rocks  in  the  range  of 
the  Anti-Taurus  south-eastward  of  Csesarea  in  a  letter  addressed  to 
Sir  R.  I.  Murchison,  and  read  before  the  Society  in  IS49.  M.  de 
Tchihatcheff  again  visited  these  regions  in  1853,  and  not  only  ascer- 
tained the  very  extensive  development  of  the  Devonian  formation, 
but  also  the  existence  of  the  carboniferous  or  mountain  limestone,  as 
proved  by  the  fossils  submitted  to  the  inspection  of  M.  de  Yemeuil. 
Ascending  the  banks  of  the  rapid  Sihun,  after  quitting  the  district 
of  the  mountain  limestone  abounding  in  true  Carboniferous  Produe- 
/m,  the  author  found  that  it  was  replaced  by  a  blue  unfossiliferous 
Bmestone  associated  with  clay-slates,  micsrschist,  and  quartzites.  The 
nature  of  the  country  and  its  excessive  vegetation  did  not  enable  him 
to  detect  the  exact  relative  position  of  the  two  beds,  but  at  no  great 
distance  he  again  came  upon  a  blue  crystalline  limestone  abounding 
in  Devonian  fossils.  This  formation  extends  for  more  than  ten 
kttues  up  the  valley,  gradually  becoming  less  rich  in  fossils  as  the 
va&y  is  ascended ;  at  length  all  organic  traces  disappear,  and  the 
blue  limestone  passes  into  a  white  marble,  still  preserving  the  fetid 
odour  which  characterizes  all  the  fossiliferous  limestones  above  men- 
tioned. This  rock  is  frequently  associated  with  clay-slate  and 
mica-schist,  and  is  penetrated  occasionally  by  melaphyre.  M.  de 
Tchihatcheff  concludes  this  portion  of  his  memoir  with  a  general 
sketch  of  the  pabeozoic  rocks  of  Asia  Minor,  and  particularly  of  the 
Bosphorus.  The  localities  where  they  have  been  observed  are  the 
following : — the  Bosphorus,  the  northern  shore  of  the  Gulf  of  Nico- 
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media,  the  southern  shore  of  Cilida  between  Seleoda  and  Alaya»  and 
the  Anti-Taurus,  and  he  refers  them  to  the  three  following  systems, — 
Silurian,  DeYonian,  upper  and  lower,  and  Mountain  Limestone.  With 
regard  to  the  Silurian  rocks,  however,  it  must  be  observed  that  M.  de 
Tchihatcheff  only  admits  their  existence  on  the  Giant's  Mountain 
near  Constantinople,  on  the  authority  of  the  notice  published  W 
Mr.  Strickland  and  myself  in  the  Transactions  of  this  Society.  He 
himself  considers  them  to  be  Devonian.  Now  on  this  point  I  have 
only  to  observe,  that  I  am  far  from  wishing  to  insist  on  the  fact  of 
these  beds  being  Silurian.  The  fossils  are,  I  beUeve,  still  under  the 
consideration  of  M.  de  Vemeuil ;  but  it  must  be  remembered  that  at 
the  time  when  Mr.  Strickland  pubUshed  his  paper  describing  the 
numerous  fossils  we  had  coUectea  on  the  Giant's  Mountain,  the  limits 
between  Silurian  and  Devonian  were  not  then  so  sharply  defined  as 
at  present,  and  that  the  term  Silurian  was  generally  used  to  express 
the  greater  portion  of  the  lower  fossiliferous  grauwack^  beds  below 
the  Old  Red  Sandstone. 

The  paper  by  Mr.  W.  K.  Loftus,  "  On  the  Geology;  of  the  Turco- 
Persian  Frontier,  and  of  the  district  adjoining,"  of  which  an  abstract 
has  been  already  published  in  our  Journal,  derives  additional  interest 
from  the  fact  of  its  confirming  the  existence  of  the  nummulitic  and 
other  formations  from  the  western  shores  of  Europe  through  the 
Alps,  Bulgaria,  and  Asia  Minor,  to  the  very  heart  of  India  and  the 
mountains  of  Scinde.  Mr.  Loftus  was  attached  to  the  joint  commis- 
sion of  the  English,  Russian,  Turkish,  and  Persian  Governments 
appointed  for  the  purpose  of  fixing  the  boundaries  of  the  respective 
territories  of  the  Sultan  and  the  Shah.  In  this  capacity  he  had 
numerous  opportunities  of  making  repeated  traverses  across  the 
mountain  range  of  Zagros  and  through  the  districts  which  form  the 
boundary  of  these  two  powers.  Beneath  the  more  recent  deposits  of 
sand,  gravel,  and  fluviatile  clay,  partly  freshwater  and  partly  of  marine 
character,  Mr.  Loftus  describes  the  real  tertiary  deposits,  which  he 
subdivides  into  two  groups,  the  uppermost  being  the  gypsiferous,  and 
below  that,  the  nummulitic  group.  In  both  of  these,  characteristic 
fossils  occur,  and  both  series  of  rocks  are  greatly  disturbed.  These 
again  are  succeeded  by  the  secondary  rocks,  the  upper  beds  of  which 
contain  cretaceous  fossils.  Masses  of  highly  crystalline  fetid  blue 
Umestone  which  are  found  beneath  the  cretaceous  rocks  are  referred 
by  Mr.  Loftus  to  the  Lower  Secondary  Series.  From  what  I  have 
seen  of  the  fetid  blue  limestones  in  Asia  Minor,  I  should  have  been 
disposed  to  refer  them  to  an  older  period.  We  then  have  in  con- 
tinued descending  order.  Palaeozoic  rocks,  metamorphic  schists^ 
granite,  and  trap  rocks. 

Our  knowledge  of  the  geology  of  India  has  made  some  progress 
during  the  past  season,  although,  I  must  confess,  not  equal  to  what 
it  might  have  been ;  I  had  hoped  that  the  introduction  of  railways 
into  the  three  Presidencies  of  India  would  long  ere  this  have  pro- 
duced more  fruit  than  it  has  yet  done.  We  have  received  no  in- 
formation from  these  sources.  But,  on  the  other  hand,  one  of  our 
own  members,  who  has  never  visited  India,  has  greatly  contributed 
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to  aoT  means  of  making  onrsdyes  acquainted  with  the  general  geology 
of  Hindostan.  The  Geolo^cal  Map  of  India  hy  Mr.  Greenough  is 
a  worthy  counterpart  of  his  Geological  Map  of  England.  We  all 
know  the  careftd  and  systematic  manner  in  which  Mr.  Greenongh 
has  for  a  long  series  of  years  collected  and  arranged  information 
respecting  the  geography,  geolo^,  and  other  kindred  branches  of 
knowledge  from  every  portion  of  the  globe ;  and  many  have  been  the 
r^;ret8  which  I  haye  heard  uttered,  that  with  such  a  mass  of  syste- 
matically-arranged information  as  he  possesses,  greater  than  that  of 
any  other  individual,  he  should  not  ali^ady  have  enabled  us  to  benefit 
by  its  publication  in  some  form  or  other.  Mr.  Greenough  has  at 
laigth  come  forward,  and  the  geological  map  of  India  is  a  splendid 
proof  of  the  value  of  his  materials,  and  of  his  power  of  makmg  use 
of  them. 

In  exhibiting  this  map  before  the  Geological  Section  at  Liverpool, 
Mr.  Greenough  accompanied  it  with  remarks  on  the  different  forma- 
tions which  have  been  observed  in  various  parts  of  India.  All  the 
principal  formations  as  known  in  Europe  appear  to  have  been  met 
with  in  that  vast  country,  from  the  tertiaries  of  the  Punjaub  and  the 
Siwalik  Hills,  whose  interesting  fossils  were  described  by  Col.  Cautley 
and  Dr.  Falconer,  to  the  Silurian  formation  of  the  Himalaya,  which 
affords  many  forms  of  Trilobites,  Molluscs,  and  Zoophytes  charac- 
teristic of  the  Silurian  period,  and  very  similar  to  those'  of  Europe, 
though  none  are  probably  specifically  identical. 

I  must  also  mention  some  interesting  communications  received  from 
the  Rev.  Messrs.  Hislop  and  Hunter,  respecting  the  geology  of  the 
neighbourhood  of  Nagpoor.  Communications  on  this  subject  had 
alrndy  reached  us,  partly  from  Mr.  Malcolmson  many  years  ago,  and 
lately  from  Lieut.  Sankey,  but  the  details  now  furnbhed  are  more 
complete  and  satisfactory.  The  basis  of  the  country  is  gneiss,  quartz- 
rock,  mica-schist,  and  granite,  on  which  reposes  a  sandstone  observed 
over  a  great  extent  of  country ;  with  this  are  associated  in  some 
districts  shales  and  argillaceous  sandstones,  rich  in  vegetable  remains, 
the  age  of  which  is  not  yet  satisfactorily  made  out.  These  are  over- 
laid by  trappean  rocks,  separated  into  two  divisions  by  an  inter- 
mediate layer  of  a  cherty  and  argillaceous  character,  abounding  in 
some  places  with  land  and  freshwater  fossils,  amongst  which,  how- 
ever, me  latter  greatly  preponderate.  This  bed  is  cUefly  seen  along 
the  escarpments  of  the  trap  hills,  and  has  a  very  extensive  range.  It 
has  been  traced  more  or  less  uninterruptedly  to  a  distance  of  1050 
miles  in  a  direct  line  from  Bajmahal  to  Bombay,  and  660  miles  from 
N.  to  S.  to  the  neighbourhood  of  Padpangali,  near  the  mouth  of  the 
Godavery.  It  is  apparently  a  lacustrine  deposit,  but  its  age  has  not 
yet  been  made  out  with  any  degree  of  certamty,  though  the  flora  is 
supposed  to  have  some  resemblance  to  that  of  the  London  Clay.  It 
is  almost  superfluous  to  say,  how  cautious  we  must  be  in  attempting 
to  assign  comparative  ages  to  such  distant  localities ;  a  caution  which 
is  all  the  more  necessary  when  it  refers  to  lacustrine  deposits,  which, 
being  naturally  isolated,  cannot  be  expected  to  afford  the  same  terms 
of  comparison  with  similar  formations  at  a  distance,  as  we  might 
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naturallj  look  for  in  marine,  or  even  subaerial  deposits,  with  respect 
to  marine  or  terrestrial  forms.  It  may,  I  think,  also  be  doubted 
how  far  we  should  adopt  the  conclusion  at  which  the  authors  cf£  this 
memoir  have  aniyed,  that  both  the  trap-formations,  the  one  below 
as  well  as  the  one  aboye  the  freshwater  deposit,  are  of  more  recent 
date  than  the  freshwater  formation  itself,  and  that  the  lower  trap  has 
been  protruded  from  below,  and  forced  in  between  the  freshwater  bed 
and  the  underlying  sandstone.  Prof.  Owen  has  described  the  cra- 
nium  of  a  reptile  obtained  from  these  underlying  sandstones  by  MM. 
Hislop  and  Hunter ;  of  this  fossil  he  obseryes  that  the  characters 
of  the  skull,  as  far  as  he  could  judge  frdm  its  condition,  ieaye  no  rear 
sonable  doubt  of  its  nature  and  affinities  as  aUied  to  the  labyrinthodont 
batrachians,  and  he  has  giyen  it  the  name  oi  Brachyops  breviceps, 

A  paper  in  the  '  Bull,  de  la  Soc.  Gdol.  de  France,'  1854,  p.  500» 
on  the  Geology  of  the  prorinces  of  Oran  and  Algiers,  is  important 
on  account  of  the  careful  comparison  which  has  been  made  by  M. 
Bayle  of  a  large  collection  of  the  fossils  brought  by  M.  Yille  from 
that  part  of  Africa  with  their  European  analogues.  Several  Jurassic 
forms  belonging  to  the  middle  oolitic  series  are  identified,  but  a  stiU 
greater  number  of  lower  cretaceous  fossils  have  been  recognized  in 
the  next  oyerlying  series.  Amongst  these  fossils,  howeyer,  are 
found  sereral  which  haye  a  close  analogy  with  ootitic  forms,  and 
two  oolitic  Ammonites  are  especially  mentioned.  The  nummulitic 
series  is  of  considerable  extent,  and  is  characterized  by  the  Nummu- 
lites  Uevigatua.  In  the  tertiary  beds  which  follow  next,  almost  all 
the  fossils  are  identified  with  Molasse  species,  and  are  referred  there- 
fore to  the  Middle  Tertiaries.  These  are  oyerlaid  by  some  upper 
tertiary  beds,  which,  in  the  province  of  Algiers,  are  very  rich  in 
organic  remains.  A  long  and  important  list  (p.  51 1)  of  these  fossils 
is  given,  most  of  which  belong  to  the  Sub-apennine  period.  The 
beds  of  the  drift  period  are  idso  of  considerable  importance,  both 
from  their  extent,  thickness,  and  the  fossils  they  contain.  The 
upper  beds  are  characterized  by  land  and  freshwater  shells,  whilst 
along  the  sea-board  the  lower  beds  containe  marine  shells.  All  these 
appear  identical  with  living  species. 

To  Dr.  Foetterle  of  Vienna,  acting  under  the  su^estions  and  with 
the  assistance  of  M.  Haidinger,  the  Director  of  the  Imperial  Geolo- 
gical Institute  of  Vienna,  we  are  indebted  for  the  first  attempt  to 
construct  a  Geological  Map  of  Central,  and  of  by  far  the  greater  part 
of  Southern  America,  extending  firom  lat.  5°  north  to  lat.  35^  south. 
We  have  thus  an  opportunity  of  judging  of  the  general  ensemble  of 
the  numerous  rocks  of  which  that  vast  continent  is  composed.  F(» 
the  last  three  years  the  desire  for  such  a  map  has  been  preyalent  in 
Vienna,  and  its  want  has  been  long  acknowledged.  The  first  impetus 
to  its  construction  was  given  by  the  Brazilian  Consul,  M.  Sturz,  who, 
while  the  subject  was  under  deHberation,  offered  a  prize  for  the  best 
geological  map  of  Brazil.  At  the  same  time  M.  von  Martins  was 
preparing  a  map  for  his  *  Flora  Brasiliensis.'  We  have  therefore 
now  two  maps  ready  for  colouring.  That  of  Dr.  Foetterle  is  -^J^^j^ 
proportion,  and  is  accompanied  by  a  slight  notice  of  the  different  for- 
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matioiis  found  in  this  portion  of  Soath  America.  This  notice  is 
highly  interesting,  though  in  some  respects  the  work  of  Dr.  Foetterle 
mnst  be  consider^  as  a  compilation,  since  he  has  not  himself  visited 
this  Gonntrj.     The  formations  which  he  describes  are  as  follows : — 

1.  Granite  and  gneiss  granite,  very  extensively  developed.  2.  Gneiss 
with  micarslate,  very  abundant  on  the  east  shore  of  Brazil.  3.  Itaoo- 
lumite,  partly  clay-slate  and  partly  sand.  4.  Talc  slate,  remarkable 
ffx  the  occurrence  of  diamonds.  It  forms  some  of  the  most  extensive 
mountains  in  Brazil.  5.  Grauwacke  formation.  6.  Transition  lime- 
stone. 7.  In  Bolivia  D'Orbigny  has  found  slaty  sandstones,  with 
remains  of  Crueiana,  Orthis,  Lingular  Calymeney  Asaphus^  and  Grap- 
ioUtes\  these  belong  to  the  Silurian  system.  8.  Devonian  formation, 
consisting  chiefly  of  quartzose  sandstones,  with  remains  of  Spiri/er, 
Ortkis,  and  Terebratula.  9.  Coal  formations,  with  several  peculiar 
European  fossils,  as  Spirifer  Pentlandt,  Sp.  Baissyiy  and  Productus 
FiUiern.  10.  Trias,  consisting  of  vari^;ated  clays  and  sandstones. 
11.  Chalk,  the  most  extensive  formation  in  South  America,  extending 
firom  Yenezuelarto  Tierra  del  Fuego.  12.  A  red  sandstone,  the  po- 
sition of  which  is  uncertain.  13.  Volcanic  formations.  14.  Tertiary 
formations  :  fossils  do  not  appear  to  be  abundant  in  this  formation, 
and  hence  the  difficulty  of  assigning  it  to  its  proper  period.  15* 
Diluvium. 

General  Works. 

Amongst  the  many  works  of  a  more  general  character  bearing  on 
the  progress  of  geology  which  have  appeared  during  the  past  year, 
I  mnst  not  omit  to  mention  the  magnificent  pubUcation  of  Frof. 
Ehrenberg  entitled  '  Mikrogeologie.'  The  microscopical  discoveries 
of  infusorial  remains  made  by  the  author  of  this  work  during  the 
last  fifteen  or  twentr^  years  are  too  weU  known  to  require  any  special 
notice  on  this  occasion.  In  his  present  work  the  autnor  professes  to 
describe  the  infusorial  results  of  the  microscopical  examination  and 
analysis  of  836  different  formations  derived  from  every  quarter  of  the 
globe,  firom  almost  every  region  between  the  poles  and  the  equator, 
and  comprising  the  rocks  of  every  geological  formation  from  the  ear* 
liest  periods  down  to  the  present  day.  'Die  author  states  as  one  of  the 
most  important  geological  results  of  his  inquiries,  that  the  arrange- 
ment of  these  microscopic  forms  does  not  confirm  the  laws  which 
have  been  recognized  with  regard  to  the  larger  fossil  organisms,  which 
regularly  become  more  and  more  peculiar  and  divergent  from  existing 
forms  in  proportion  as  we  descend  lower  in  the  series.  On  the  con- 
traiT,  he  finds  the  same  genera  and  sometimes  the  same  si)eGies  ex« 
tenimiff  downwards  to  the  Carboniferous  period,  and  possibly  even 
to  the  Lower  Silurian  and  the  so-caUed  unfossiliferous  sands  of  St. 
Petersburgh. 

Amongst  the  general  conclusions  which  have  resulted  from  this 
investigation,  the  author  states  that  all  these  microscopic  forms  may 
be  divided  into  two  groups.     1 .  Forms  of  fresh  water  and  dry  laniL 

2.  Forms  of  salt  water  and  its  products.  Sometimes  the  mixture  of 
these  two  groups  indicates  the  existence  of  ancient  cestuaries  and 
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river  mouths.  Another  result  is  that  in  all  the  formations  of  the 
world,  in  the  air,  on  land,  and  in  or  under  the  water,  only  six  great 
classes  of  microscopic  forms  are  to  be  found.  These  are,  1 .  Siliceous, 
of  which  there  are  four  classes,  viz.  Polygastrica,  Poljcystinise, 
Phjtolitharise,  and  Geolithise,  and  2.  Calcareous,  of  which  there  are 
two  classes,  viz.  Polythalamise  and  Zoolithariae.  But  I  must  refer 
you  to  the  work  itself  for  the  further  distribution  of  these  classes, 
where  each  preponderates,  and  how  certain  forms  serve  in  many  cases 
to  designate  one  formation  or  another.  The  work  is  illustrated  by 
forty-one  plates,  executed  with  great  abiUty.  I  will  only  mention 
that  the  separate  results  of  the  analytical  examinations  of  the  836 
substances  are  given  in  this  work,  and  that  in  most  cases  the  author 
appears  to  have  made  from  five  to  ten  analyses  of  each.  These  are 
generally  arranged  geographically  in  the  first  instance,  and  the  results 
of  the  general  examination  of  each  district  are  separately  given. 

I  may  also  mention  that  a  second  editi^^n  of  Bemhard  Cotta's 
agreeable  and  instructive  work  entitled  '  Geologische  Bilder,'  Geolo- 
gical Pictures,  has  appeared  during  the  last  year. 

The  French  '  BuUetm*  for  the  last  year  contains  several  interesting 
papers  bearing  on  the  application  of  Chemistry  to  Geobgy.  A  paper 
by  M.  Delesse  (BuU.  p.  127),  entitled,  '<0n  the  action  of  alkalies  on 
rocks,"  points  to  the  fact  that  as  silica  in  a  soluble  state  is  now  found 
in  a  great  number  of  sedimentary  rocks,  and  as,  equally,  the  alkalies  or 
the  alkaline  salts  exist  in  small  quantities  in  dmost  all  spring  waters, 
the  action  of  the  latter  on  the  former,  "  although  feeble,  havmg  been 
continued  throughout  all  geological  time,  has  necessarily  contributed 
powerfully  to  the  formation  of  pseudomorphisms"  (p.  141).  Granite 
and  quartzose  porphyry  are  but  slightly  attacked  by  alkahne  solu- 
tions. Lava,  basalt,  melaphyre  lose  under  20  per  cent,  by  their 
action.  Trachyte,  retinite,  perhte,  and  obsidian  are  the  rocks  which 
are  the  most  readily  attacked,  losing  sometimes  to  the  extent  of  40 
per  cent.  Further,  decomposed  rocks  are  much  more  readily  acted 
upon  than  the  same  rock  when  undecomposed.  "  Cateris  paribua, 
the  action  of  alkalies  on  rocks  is  the  greater  according  as  l£e  rocks 
are  richer  in  silica,  less  crystalline  in  structure,  or  contain  less  hyaline 
quartz"  (p.  140).  As  bearing  on  this  same  subject,  some  observa- 
tions by  M.  Saemann  (p.  143)  are  also  interesting. 

M.  Delanoue  (p.  562)  suggests  several  veiy  necessary  cautions  in 
the  application  of  the  theory  of  metamorphism.  He  is  willing  to 
admit  to  their  full  extent  the  important  influence  of  heat  and  gaseous 
emanations  in  rocks,  but  not  the  intrusion  throughout  entire  masses 
of  substances  entirelv  foreign  to  the  composition  of  those  rocks.  He 
contests  the  possibihty  of  dolomitization  by  metamorphic  action,  also 
the  intrpduction  of  felspar  into  rock-masses  by  the  same  action, 
contending  in  either  case  that  the  chemical  elements  necessary  for 
the  change  pre-existed  in  the  rocks,  and  that  they  have  only  been 
modified  by  heat.  M.  Delanoue  contests  (p.  569)  also  some  expla- 
nations that  had  been  brought  before  the  Society  by  MM.  Delesse, 
Deville,  and  Durocher,  accounting  for  the  presence  of  sulphur  in 
thermal  waters,  and  passes  in  review  the  various  changes  brought 
about  by  the  percolation  of  rain-water  through  the  earth. 
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Conclusion. 

It  only  remains  for  me,  in  conclusion,  to  make  one  or  two  ob- 
servations on  a  subject  which,  in  the  present  condition  of  our  science, 
appears  to  me  too  miportant  to  be  lost  sight  of,  and  which,  if  neg- 
lected, msj  lead  to  many  useless  discussions  and  unfortunate  mis- 
conceptions.    However  paradoxical  it  may  sound,  I  believe  that,  as 
our  knowledf(e  of  geological  formations  advances,  some  of  our  diffi- 
calties  increase.    We  have  found  during  late  years  that,  in  proportion 
as  we  extended  our  knowledge  of  different  formations,  we  have  been 
compelled  not  only  to  introduce  a  greater  number  of  principal  forma- 
tions, but  to  subdivide  these  again  into  groups,  and  again  to  sub- 
divide the  groups  into  distinct  beds.     This  process  has  long  con- 
tinued.    We  are  no  longer  satisfied  with  primary,  secondary,  and 
tertiary  epochs ;  it  is  not  enough  that  we  have  introduced  the  Per- 
mian, the  Neocomian,  and  similar  terms  to  designate  different  periods, 
or  that  we  have  subdivided  the  Secondary  rocks  into  Triassic,  Liassic, 
Jurassic,  and  Cretaceous ;  all  these  divisions  are  again  subdivided,  I 
might  almost  say,  "  ad  infinitum"   As  the  investigation  of  geologists 
has  extended  itself  over  distant  countries,  and  has  brought  fresh  con- 
tinents under  our  notice,  new  and  at  first  sight  anomalous  combina- 
tions have  been  brought  to  light.    The  limits  and  breaks  already 
assigned  to  different  formations  in  the  countries  where  first  observed, 
have  not  been  found  always  to  hold  good.    The  marked  unconforma- 
biiity  of  stratification  and  the  distinct  differences  of  palseontological 
evidence,  on  which  the  limits  of  formations  were  first  grounded,  have 
in  other  countries  either  disappeared  altogether,  or  have  required  to 
be  greatly  modified.   It  has  been  found  that  between  these  respective 
Ihnits,  as  at  first  laid  down,  certain  fossils  of  the  lower  beds  extend 
higher  up  into  those  above,  while  some  of  those  hitherto  supposed  to 
be  characteristic  of  the  overlying  formation  are  found  extending 
downwards  into  beds  of  an  older  age.     On  the  other  hand,  that 
unconformability  of  strata  which  was  supposed  to  mark  the  limits 
of  epochs,  and  to  point  out  the  breaks  occasioned  in  the  successive 
deposition  of  strata  by  ^eat  natural  convulsions,  is  often  found  to 
disappear  when  the  investigation  is  extended  and  the  strata  are  traced 
into  other  countries.     In  this  dilemma  the  first  step  has  been  to 
intercalate  new  beds  as  intermediate  between  the  different  formations, 
connecting  them  as  it  were  by  a  certain  community  of  animal  life, 
markiiig  the  passage  from  one  condition  of  existence  to  another ;  as, 
for  instance,  the  S.  Casciano  beds  are  now  introduced  between  the 
Triassic  and  the  Liassic,  the  Carboniferous  shales  between  the  Old 
Red  Sandstone  and  the  true  Carboniferous  beds,  and  others  which 
will  readily  occur  to  you.    But  the  difficulty  does  not  cease  here. 
As  we  extend  our  inquiries,  we  find  that  the  gradual  passages  from 
one  formation  to  another  become  more  frequent,  and  that  the  breaks 
in  the  conformability  of  strata,  instead  of  being  the  normal  condition 
of  the  passage  from  one  formation  to  another,  are  mere  local  pheno- 
mena, and  we  are  thus  almost  forced  to  the  conclusion  that  such 
marked  separations  between  the  different  formations  as  we  have  been 
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fondly  trusting  to,  do  not  really  exist  in  nature.  I  believe  the  time  will 
come,  when,  having  brought  before  us  a  greater  amount  of  sections 
all  over  the  world  (if  indeed  it  is  not  possible  to  do  so  already),  we 
shall  find  that  there  exists  a  gradual  passage  from  the  very  oldest  to 
the  newest  strata ;  that  from  the  earliest  fossiliferous  rocks  to  the 
most  recent  post-pliocene  formations  there  has  been  one  unbroken 
sequence  of  deposits,  modified  only  by  local  disturbances,  showing 
the  gradual  change  of  organic  life  according  to  the  different  conditions 
of  existence ;  that  in  every  case  a  certain  number  of  species  existing 
in  the  b^ds  below  have  been  continued  upwards,  mingled  with  new 
forms  specially  created  to  suit  the  new  state  of  things  ;  and  that  this 
progress  has  ever  been  going  on  in  some  part  of  the  earth's  surface, 
undisturbed  by  other  local  changes  and  convulsions.  We  know  that  as 
the  conditions  of  life  varied,  new  forms  were  called  into  existence,  while 
former  ones  were  gradually  disappearing ;  but  we  shall,  I  think,  be 
more  and  more  forced  to  give  up  that  view  which  led  us  to  subdivide 
the  countless  myriads  of  ages  of  geologic  time  into  epochs,  forma- 
tions, groups,  and  subdivisions,  and  to  look  upon  the  whole  series  as 
one  grand  group  modified  in  time  by  a  slow  and  imperceptible  pro- 
gress, and  affording  breaks  and  interruptions  of  conformability  of 
strata  only  as  local  phaenomena.  This  difiiculty,  as  I  said  before,  is 
gradually  increasing,  and  to  guard  against  it  we  require  not  only 
caution  with  regard  to  ourselves,  but  toleration  towards  others  who 
are  disposed  to  place  the  local  Hmits  of  those  formations,  to  the 
nomenclature  of  which  we  must  still  adhere  for  the  sake  of  con- 
venience and  description,  otherwise  than  where  we  are  inclined  to 
place  them  ourselves. 

Again,  although  it  may  sound  to  some  like  a  geological  heresy, 
I  would  add  one  observation  more,  in  the  shape  of  a  caution 
against  our  allowing  ourselves  to  be  led  to  trust  too  implicitly 
to  mere  paleeontological  evidence.  The  errors  which  may  proceed 
from  this  cause  are  twofold ;  either  we  conclude  on  the  contemporar 
neity  of  strata  at  a  distance  from  each  other  on  the  sole  ground  of 
real  or  supposed  identity  of  species,  or  vice  versd,  we  maintain  that 
they  are  not  contemporaneous,  because  they  contain  a  certain  pro- 
portion of  different  species.  The  conclusion  may  possibly  be  correct 
m  both  cases,  but  the  grounds  on  which  it  rests  are  not  necessarily 
sufficient.  We  have  ocJy  to  examine  the  existing  faunas  round  the 
coasts  of  Europe  and  in  the  Arctic  Seas  to  be  struck  with  the  remark- 
able difference  in  their  contents.  Even  the  shores  of  our  own  island 
at  no  great  distance  from  each  other  present  very  great  divei^nces  of 
typical  forms,  dependent  no  doubt  on  numerous  extraneous  agencies, 
many  of  which  we  can  ourselves  detect,  but  of  which  many  have  as 
yet  escaped  our  notice,  and  will  probably  continue  to  do  so  for  ages 
to  come.  Why  then  should  we  not  admit  the  same  phenomena  in 
former  ages  ?  why  must  we  necessarily  jump  at  the  conclusion  that, 
because  different  strata  contain  different  species,  they  mtut  belong  to 
different  periods ;  or  vice  verad,  that  because  they  contain  the  same 
species,  they  belong  to  the  same  period  ?  Local  features  and  local 
pnsenomena  may  account  for  this  difference  or  identity.    Nor  can  we 
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depend  with  safety  on  petrographical  characters  alone.  Identity  of 
strocture  does  not  prove  identity  of  age.  I  do  not  mean  to  say  that 
such  palseontological  or  petrographicsd  evidences  are  not  available  to 
the  geologist.  They  are  often  all  that  he  can  find^  and  it  is  impos- 
sible to  rate  too  highly  the  assistance  which  palaeontology  has  ren- 
dered to  geology.  But  what  I  would  venture  to  observe  is,  that 
without  the  aid  of  stratigraphical  evidence  they  cannot  be  implicitly 
relied  on.  This,  after  all,  will  be  found  to  be  the  master-key  to 
enable  us  to  unlock  the  mysteries  of  ages,  and  to  explore  the  secret 
and  long-hidden  paths  of  geological  progression. 

Gentlemen,  my  task  is  finished.  I  bsTC  only  to  entreat  your  in- 
dulgence for  the  many  imperfections  contained  in  this  Address. 
I  am  aware  that  much  has  been  omitted  which  might  fairly  have 
been  expected  in  it,  and  probably  much  has  been  inserted  which  a 
more  experienced  geologist  than  myself  would  have  deemed  super- 
fluous. I  trust  you  will  receive  it  as  an  earnest  of  my  best  wishes 
for  the  prosperity  of  our  Society,  and  of  my  interest  in  that  science 
which  in  common  with  yourselves  I  have  cultivated  for  so  many 
years.  If  I  have  been  in  any  way  successful  in  meeting  with  vour 
approbation  of  what  I  have  done,  and  of  the  manner  in  which  I 
have  endeavoured  to  discharge  my  duties  as  your  President,  I  am 
bound  to  say  that  that  success  is  mainly  owing  to  the  able  assistance 
I  have  received  from  every  Member  of  the  Council,  and  from  your 
partiahty  in  overlooking  many  deficiencies. 
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John  Wflliam  Dawson,  Esq.,  William  Cmmington,  Esq.,  William 
Heniy  Mortimer,  Esq.,  and  John  Henry  Murchison,  Esq.,  were 
elected  Fellows. 

The  following  communications  were  read : — 

\.  On  the  Occurrence  of  Gold  in  the  Trap  Dykes  intersecting  the 

DiCYNODON   STRATA  of  SoUTH   AfRICA.      Bv  R.  N.  RuBIDGE, 

Esq.,  M.B. 

[In  a  letter  to  Sir  R.  I.  Murchison,  V.P.G.S.] 

In  the  early  part  of  this  year  some  rumours  arose  of  the  discovery  of 
|old  near  Smithfield,  a  newly  established  town  in  the  Orange  River 
Sovereignty.  It  was  stated,  that  some  persons,  riding  over  a  flat, 
bad  seen  some  fine  specimens  of  quartz,  turned  up  by  a  jackal  in 
scratching  a  hole  in  the  earth.  The  quartz  brought  in  as  a  curiosity 
was  recognized  by  a  person  who  had  been  in  Australia  as  similar  to 
that  found  in  the  gold  regions  of  that  country.  This  induced  search, 
which  was  at  length  rewarded  by  the  finding  of  gold  in  several  spots; 
and,  a  portion  of  the  quartz  first  found  being  broken,  a  piece  of  gold 
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was  obtained  from  it.  A  pit  was  sunk  in  the  centre  of  a  large  shal- 
low vallej,  and  some  gold  was  found  at  a  depth  of  15  feet  in  the 
gravel. 

These  accounts  excited  great  interest  in  the  colony.  Mr.  Bain 
happened  to  be  on  the  frontier  at  the  time,  and  a  deputation  waited 
on  the  Govemor  in  Graham's  Town  and  suggested  the  propriety  of 
sending  him  to  the  spot,  to  report  on  the  alleged  discoTcry.  His 
Excellency,  however,  appears  to  have  doubted  the  truth  of  the  re- 
port, and  declined  detaining  Mr.  Bain  firom  his  duties ;  he  accord- 
ingly returned  to  his  post  in  the  western  districts. 

Gold  in  small  quantities  continued  to  be  found;  and  some  nuggets 
reaching  this  plajce,  with  greatly  exaggerated  accounts  of  the  success  of 
the  diggers,  caused  great  excitement,  particularly  among  the  younger 
and  more  unstable  part  of  the  community.  Several  clerks  gave  up 
their  situations  to  repair  to  the  "  diggings,"  and  many  rash  specula- 
tions were  entered  into.  Merchants  and  tradesmen  raised  the  price 
of  their  goods.  An  affidavit  from  a  person  in  Smithfield  who  has 
some  local  reputation  as  a  chemist,  to  the  effect  that  he  had  examined 
some  mineral  containing  20  per  cent,  of  copper  and  10  per  cent,  of 
gold«  occasioned  still  more  interest,  for  it  was  stated  that  the  mineral 
in  question  was  to  be  obtained  in  waggon-loads  quite  near  the 
surface. 

Under  these  circumstances  the  desire  for  more  accurate  informa- 
tion gained  ground,  and  a  subscription  was  set  on  foot,  by  the  mer- 
chants and  others  in  this  place,  for  raising  the  means  of  sending  some 
person  or  persons,  possessed  of  some  geological  and  mineriSogical 
knowledge,  to  the  spot,  to  report  on  the  truth  of  the  accounts  re- 
ceived, and  to  discover,  if  possible,  what  probability  there  might  be 
of  gold  or  other  metals  being  found  in  such  quantities  as  to  make 
mining  profitable.  The  choice  fell  on  myself,  a  medical  practitioner 
known  to  have  made  geological  collections,  &c.,  and  Mr.  Pateraon, 
the  editor  of  one  of  the  locd  papers,  not  a  geologist,  but  a  man  of 
general  intelligence.  We  left  this  on  the  27th  of  March  last  and 
arrived  in  Smithfield  eight  days  after. 

I  presume  that  the  writings  and  map  of  my  friend  Mr.  Bain  '^  have 
made  vou  familiar  with  the  geology  of  this  country,  more  especiallv 
with  tliat  interesting  formation  the  "  Dicynodon  strata,"  which  wiU 
ever  be  associated  in  the  minds  of  geologists  with  his  name.  This 
singular  series  of  strata  of  enormous  extent,  probably  exceeding  three 
times  the  area  of  Great  Britain  and  Ireland*  and  perhaps  thousands 
of  feet  in  depth,  yet  apparently  presenting  evidence  of  lacustrine  origin, 
is  penetrated  everywhere  bv  dykes  of  igneous  rock,  varying  from  less 
than  a  foot  to  some  hundreds  of  yards  in  breadth ;  sometimes  of  a  com- 
pact basalt-like  character,  at  other  times  (in  the  larger  dykes)  like 
coarse  granite,  or  composed  of  hornblende  and  quartz  with  felspar 
(syenite)  or  zeolite.  Yet,  excepting  near  the  western  border  of  the 
Zeurbergen  Range,  the  strata  are  rarely  disturbed  more  than  ten 
degrees  irom   the  horizontal  plane,  and  even  such  disturbances 

*  Forming  a  part  of  the  7th  vol.  of  the  Geological  Transactions  now  in  the 
press. — Ed. 
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are  rare  and  of  eztl'emelj  limited  extent.  The  only  alteration  I 
have  obaerred  in  the  structure  and  chemical  composition  of  the  strata 
adjacent  to  a  dyke  is  a  little  increase  of  hardness,  and  numerous 
yertical  fissures,  giving  the  rock  an  appearance  of  heing  cut  up  into 
cubical  masses.  The  dykes  cut  each  other  in  all  directions,  so  that 
we  have  been  unable  to  refer  them  to  any  system  or  systems  as  to 
age  or  direction.  They  form  the  central  masses  of  the  mountain- 
ranges,  which  are  crowned  with  precipitous  escarpments  of  the  igneous 
rocks ;  the  sloping  sides  of  the  mountains  heing  due  to  the  unequal 
wearing  of  the  horizontal  strata  (see  fig.  1).     With  the  exception  of 

Fig.  1. — Diagram  of  the  Structure  of  the  Mountains  of  Stratified 
Rock  capped  with  Basalt,  ^c.  in  Southern  Africa, 


iron,  whicb  b  abundant  in  both  the  igneous  and  aqueous  rocks,  and 
manganese,  we  have  not  yet  found  in  the  Colony  any  metal  in  this 
formation. 

On  my  arrival  at  Sraithfield,  I  found  the  formation  to  be  the 
"  Dicynodon  strata"  just  spoken  of,  still  horizontally  disposed,  and 
with  no  traces  of  metamorphic  action ;  fossils,  both  animal  and  vege- 
table, being  found  quite  uninjured  at  3  or  4  feet  distance  from  even  the 
laiger  dykes.  The  stratified  rocks  were  a  hard,  greenish-white,  com- 
pact sandstone  (becoming  brown  on  exposure),  forming  good  build- 
mg-stone,  and  in  layers  10  or  15  feet  thick,  alternating  with  other 
layers  of  nearly  the  same  thickness,  of  a  bluish-brown  and  much 
more  perishable  sandstone,  which  is  common  in  the  whole  extent  of 
the  formation.  Where  concretions  of  hard  blue  limestone  are  found 
in  this  rock,  it  is  generally  fossiliferous ;  these  concretions  or  nodules 
seeming  to  be  connected  in  some  way  with  the  fossil  bones  of  the 
Dicynodon,  which  are  often  imbedded  in  them.  I  did  not  see  any 
fos^  in  the  harder  sandstone  on  this  spot,  though  some  very  like  it 
contained  v^table  impressions  in  other  places. 

The  plain,  or  rather  the  broad  shallow  valley,  in  which  the  gold 
was  found  was  bounded  on  either  side  by  a  low  range  of  hills ;  the 
small  brook  escaping  to  the  south  by  a  gorge  in  hills  of  1000  or  1200 
feet  in  height.     (See  fig.  2,  p.  4.) 

The  first  spot  I  examined  was  the  hole  where  the  gold  was  first 
found  in  the  quartz  turned  up  by  a  jackal,  (A)  in  the  sketch-plan. 
There  were  a  number  of  the  usual  rounded  masses  of  igneous  rock 
lying  about  in  apparent  confusion,  which,  on  close  examination,  I 
round  to  resnlt  from  the  disintegration  of  two  dykes  which  formed  a 
junction  just  at  the  spot  selected  by  the  jackal  for  his  domicile,  at  A 
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in  the  sketch.     One  of  these  dykes  (P  Q)  ran  nearly  due  magnetic 
north  and  south,  the  other  (R  §)  crossed  it  at  an  angle  of  about  50^. 

Fig.  2,'^Sketch'plan  of  the  Valley  in  which  Gold  was  found  in 
Southern  Africa. 


,Q.1 

L.  S.y 


P.Q 
R.  " 

T, 


A.  Place  of  the  jackal's  lude  where  anrifiBroaa 
Dykes  of  trap-roek.  first  found. 

B,  C.  Pits  sank  in  one  of  the  dykes. 
D.  Hole  sunk  in  the  gxaTd  of  ttie  valley. 


Several  parties  had  been  engaged  in  digging  on  this  spot ;  and,  on 
turning  up  the  masses  of  igneous  rock,  some  fine  specimens  of  cry- 
stalline quartz  were  found,  several  of  which,  when  broken,  were  found 
to  contam  small  nuggets  of  gold  in  their  cavities.  These  masses  of 
quartz  were  peculiar  in  appearance  *,  consisting  of  a  plate  of  opake  white 
quartz  with  masses  of  crystals  growing  from  one  side  over  mat  which 
lies  undermost  in  the  earth,  'uie  gold  was  in  the  cavities  of  the  plates. 
It  appeared  to  me  that  the  plates  were  veinstones,  which  had  been 
detached  in  the  decomposition  of  the  dyke  with  its  contained  vein, 
for,  although  I  could  not  detect  a  regular  vein,  such  as  I  shall  have 
to  describe  presently,  yet  I  believe  there  was  one,  but  the  partial  de^ 
composition  of  the  surface  prevented  me  tracing  it.  Just  at  the 
junction  (A),  a  mass  of  blue  rock  was  found,  some  of  which  had  been 

*  I  have  never  leen  anything  like  them  in  the  Colony,  though  quartz  abounds 
everywhere. 
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hammered  to  pieces  by  a  part^  from  Burgher's  Dorp,  and  a  small 
piece  of  gold  had  been  found  imbedded  in  the  mass.  On  examina- 
tion I  found  it  to  be  a  mass  of  hard  calcareous  sandstone  imbedded 
in  the  igneous  rock.  The  stratified  rocks  adjacent  to  the  dyke  were 
the  brownish-blue  perishable  sandstone  described  above,  without  any 
lime.  Was  this  lump  a  mass  of  the  nodules  altered  by  heat  ?  Small 
yeins  of  calcareous  spar  intersected  it,  as  usual  in  the  nodules. 

I  rode  across  the  valley,  about  a  mile  and  a  half  broad,  to  examine 
the  other  dyke  (T  U).  I  found  its  direction  to  be  4^  west  of  mag- 
netic north.  Like  the  former,  it  was  cut  through  by  a  more  recent 
£.  and  W.  dyke,  not  quite  so  broad,  the  N.  and  S.  dyke  being  about 
12  feet  broad,  the  other  8  feet.  About  60  feet  from  the  junction 
two  Englishmen  had  sunk  a  pit  (B)  which  gave  one  a  good  view  of 
the  structure  of  the  dyke.  It  was  composed  of  the  usual  compact 
blue  syenite  of  the  narrow  dykes  of  this  formation.  The  first  5  or 
6  feet  of  the  rock  was  somewhat  decomposed,  but  lower  down  it  was 
but  little  altered.  A  vein  of  quartz,  varying  from  2  inches  to  2  feet, 
traversed  the  dyke  longitudinally  nearly  in  the  middle.  This  quartz 
was  opaque,  and  had  numerous  small  cavities  in  which  little  masses 
of  gold  were  occasionally  found ;  but  so  poor  was  the  vein,  that  a 
large  sackful,  part  of  which  was  knocked  out  with  a  hammer  by 
myself,  yielded  only  two  little  bits  of  gold,  not  weighing  together 
10  grains.  At  about  300  yards  to  the  south  was  another  pit  (C),  sunk 
by  a  party  from  Burgher's  Dorp,  on  the  same  vein.  They  too  had 
found  several  nn^ts,  but  the  quantity  gained  was  so  small  that  the 
pit  was  abandon^  after  reaching  the  aepth  of  15  feet. 

The  stratified  rocks  were  the  same  as  those  at  the  other  dyke, 
unaltered  in  position,  and  with  little  or  no  traces  of  the  action  of  heat. 
They  were  visible  only  by  digging  away  the  soil,  as  the  dyke  pro- 
jected merely  a  few  feet  above  the  level  of  the  plain,  so  that  only  a 
narrow  ridge  of  igneous  rock  formed  the  mar^  of  the  valley. 

It  appears  to  me  quite  certain  that  the  gold  must  be  in  situ  in  the 
quartz  vein ;  for,  beside  the  fact  that  no  other  than  '*  Dicynodon 
rocks"  are  found  within  200  miles,  at  least,  of  the  spot,  I  cannot 
conceive  that  the  metal  could  get  into  the  vein  by  mechanical  means, 
especially  as  the  dyke  is  in  some  parts  the  most  elevated  land  in  the 
neighbourhood ;  and  the  valley  is  separated  from  the  Caledon  River, 
the  only  source  of  convection  from  a  distance  (at  present  existing), 
by  a  high  range  of  hills,  at  least  1500  feet  high.  Besides,  in  all  the 
spots  pointed  out  to  me  as  sources  of  gold  in  situ,  I  found  the  dykes 
meridum-directed.  The  sketch  shows  this  to  be  the  case  at  Smith- 
field  ;  it  was  so  at  the  Kraai  river  near  Aliwal,  and  at  the  Kroomberg. 
It  was  only  in  northern-directed  dykes  that  I  found  quartz  in  regular 
veins.  At  the  Knud  river  the  gold  was  found  in  quartz  surrounding 
a  mass  of  the  calcareous  sandstone,  like  that  at  the  junction  of  the 
two  dykes  at  the  jackal's  hole  (A).   There  was  no  vem. 

Near  the  centre  of  the  valley  (D),  a  hole  had  been  sunk  through 
the  alluvial  soil  to  the  depth  of  15  feet,  when  a  layer  of  coarse  gravel 
was  found,  restmg  on  day.  This  layer  yielded  several  nuggets. 
Another  hole  was  in  progress  of  digging  near  the  former,  the  water 
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having  proyed  troublesome,  and  I  have  heard  since  I  left  that  five 
nuggets,  weighing  96  grains,  have  been  obtained. 

I  cannot  anticipate  any  great  success  for  the  diggers,  as  the  only 
primary  sources  of  gold  in  the  valley  appeared  to  be  the  two  dykes 
above  described.  The  result  of  my  inquiries  is  the  conviction  that 
the  gold  may  be  found  in  small  veins  over  a  large  extent  of  country, 
that  no  large  or  rich  veins  have  yet  been  seen,  nor  do  I  think  that 
such  exist.  I  cannot  agree  with  my  friend  Mr.  Bain  in  thinking 
that  the  gold  has  been  conveyed  from  a  distance,  for  the  reasons 
above  given.  I  beUeve  too  that  gold  in  masses  of  50  grains'  weight 
is  never  transported  by  water  so  far  as  100  miles  from  its  source. 

It  has  been  mentioned,  that,  though  the  ranees  of  mountains  in 
the  Dicynodon-strata  of  the  Colony  Uke  a  norm-easterly  direction, 
yet  no  distinct  lines  of  igneous  action  can  be  referred  to  different 
dates.  In  the  Sovereignty,  on  the  contrary,  it  appeared  that  the 
meridian- dykes  were  decidedly  the  more  ancient,  as,  wherever  I  had 
an  opportunity  of  examining  them,  they  were  distinctly  cut  throi^h 
by  the  north-easterly  ones;  and,  though  there  were  some  dykes 
which  seemed  to  take  directions  which  were  difficult  to  refer  to  either 
of  these  i^stems,  I  thought  that  most  of  the  igneous  rocks  in  the 
country  might  be  referred  to  two  sets.  1st.  A  northerly  or  meridian- 
directed  set,  which  form  the  centres  of  many  ranges  of  hills  and  moun- 
tains extending  from  the  Stormbei^  westward  for  some  hundreds  of 
miles,  running  in  their  northerly  course  to  Horrismith  at  least,  and, 
according  to  some  accounts,  to  MegaHes-Berg.  The  Wittebergen  and 
Koesbei^en  belong  to  this  system. 

2nd.  A  north-easterly  set,  crossing  the  others,  and  in  the  Sove- 
reignty giving  ranges  subordinate  in  size  to  the  last,  but  to  the 
eastward  greatly  larger,  so  as  to  give  their  direction  to  the  Quath- 
lambo  or  Dradcenberg.  I  find  great  confusion  in  the  different 
maps  of  this  region,  some  making  the  main  range  of  the  Quathlambo 
to  take  a  north-easterly  course,  though  others  make  it  take  a  bend 
northward  about  the  lower  third  of  its  course ;  some  of  the  names 
too  (such  as  the  Wittebergen)  are  appHed  to  two  or  three  ranges 
in  different  places,  and  taking  different  directions.  Mr.  Bain 
tells  me  that  the  geology  of  the  Draakenbei^  is  the  same  as  that 
of  the  Sovereignty,  viz.  horizontal  Dicynodon-strata,  pierced  by 
syenitic  dykes.  This  I  know  to  be  the  case  in  the  Witteberaen  and 
Stormbergen,  which  are  in  reaHty  its  southern  terminus.  But  the 
Orange,  Caledon,  and  Kraai  rivers  have  in  their  beds  pebbles  which 
can  belong  to  no  such  rocks  as  they  pass  in  the  lower  part  of  their 
course.  A  trader  told  me  that  he  had  seen  them  in  the  river  200  miles 
above  AhwaJ,  but  had  never  seen  the  rocks  they  came  from.  They 
are  masses  of  amygdaloid,  with  a  red  or  brown-red  coloured  felspar 
basis>  with  crystals  of  a  circular  zeolite  (stilbite,  I  presume).  There 
are  no  such  rocks  in  the  Cape  Colony.  Whether  with  this  change 
of  igneous  rock  might  exist  greater  metallic  deposits  in  these  regions, 
can,  I  imagine,  only  be  determined  by  inspection. 

The  Umyinvost  or  St.  John's  River  would,  I  think,  be  a  good 
point  of  departure  for  an  expedition  to  explore  the  Quathlambo.     I 
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found  the  difficulties  of  reaching  the  eastern  part  of  the  range  from 
the  westward  so  great,  owing  to  the  undyilized  state  of  the  country, 
that  I  was  obliged  to  abandon  all  thought  of  the  undertaking  in  the 
limited  time  I  had  at  my  disposal.  Indeed,  I  fear  it  will  be  a  long 
time  before  anything  effectual  will  be  done  without  assistance  from 
home.  South  Africa  is  a  poor  country ;  there  are  few  or  none  who 
have  the  means  of  spending  their  time  in  such  researches. 

As  I  could  not  find  any  other  probable  source  of  native  gold  than 
the  veins  of  the  meridian-directed  dykes,  in  which,  for  reasons  before 
given,  I  beUeve  that  the  gold  is  found  in  situ,  and  as  they  appeared 
to  be  poor  in  quahty  and  remote  from  each  other,  though  extending 
through  a  wide  range  of  country,  I  gave  it  as  my  opinion,  that 
though  small  quantities  of  gold  might  be  found  occasionally  in  all 
that  region,  yet  it  seemed  improbable  that  it  could  ever  be  a 
source  of  profit  for  mining  operations.  If  I  could  have  traced  a 
tendency  to  convergence  of  the  northerly  ranges  in  any  point,  I 
should  have  thought  that  a  more  extensive  igneous  action  there 
might  have  occasioned  larger  gold  deposits,  but  all  my  inquiries  led 
to  the  belief  that  the  ranges  continue  to  run  parallel  for  several 
hundreds  of  miles. 

From  the  eastern  ranges  of  the  Stormbei^en  to  some  distance 
beyond  Aliwal,  there  occurs  through  that  country  a  layer  of  anthrar 
cite,  which  is  incombustible,  although  it  deflagrates  with  nitre.  There 
are  some  fine  v^table  impressions  in  the  sandstone  covering  it. 
I  regret  to  say  I  could  not  get  any  specimens  sufficiently  portable 
to  enable  me  to  bring  them  away.  Where  the  dykes  pass  through 
this  coal-like  substance,  it  is  converted  into  an  inferior  plumbago. 

Throughout  that  country  also  there  are  numbers  of  agates  and 
cornelians,  some  of  them  of  good  quahty.  They  do  not  appear  to  be 
the  produce  of  the  spot  where  they  are  found,  and  are  generally  met 
with  in  the  lower  grounds  near  the  course  of  the  large  rivers,  and  asso- 
ciated with  the  amygdaloid  pebbles  above  referred  to.  Some  agates  are 
found  on  the  eastern  coast  also,  near  the  mouth  of  the  Sundb&y  river. 
These  too  appear  to  be  associated  with  the  amygdaloid  of  the 
Zeurbergen. 

I  thought  of  sending  specimens  of  the  rocks  and  minerals  alluded 
to  in  this  letter,  but  have  deferred  doing  so  until  I  hear  that  they 
wiD  be  acceptable. 

Mr.  Bain  has  gone  to  the  western  copper-field,  near  Walvisch 
Bay,  to  examine  the  new  metalUc  discoveries  there.  I  have  seen 
specimens  from  thence  which  appear  to  me  to  promise  great  benefit 
to  the  country. 

Port  Elizabeth,  South  AMca,  May  11, 1854. 
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2.  On  the  Occurrence  ^Copper  in  Tennessee,  U.S. 
By  W.  Bray,  Esq. 

[Communicated  by  the  President.] 

[Abstract.] 

The  gneiss  and  mica-schist  of  Eastern  Tennessee  strike  south-west 
and  north-east  (ahout  47°  E.  of  N.),  and  dip  to  the  south-east  (at 
angles  of  ahout  25°),  running  parallel  to  and  forming  an  outer  range 
of  the  Alleghany  Mountains.  Veins  of  copper  and  iron  ores,  with 
occasional  quartz  veins,  lie  in  the  schists,  dipping  parallel  with  them, 
and  consistme  of  porous  oxide  of  iron  at  top,  vriih  iron  pyrites  and 
carbonate  and  sulphuret  of  copper  lower  down.  The  veins  are 
described  as  being  sometimes  45  feet  wide,  and  traceable  for  upwards 
of  70  miles  ;  but  they  are  worked  chiefly  in  the  extreme  south-east 
comer  of  Tennessee,  in  the  township  of  Duckton,  in  the  county  of 
Polk,  a  district  ceded  by  the  Indians  to  the  States  about  four  years 
ago. 


3.  Notice  of  the  Discovery  of  a  Reptilian  Skull  tit  the  Coal 
o/PiCTOU.    By  J.  W.  Dawson,  Esq.,  F.G.S. 

The  reptilian  specimen  described  by  Prof.  Owen  (Quart.  Joum. 
Geol.  Soc.  No.  38.  p.  207.  pi.  9)  is  the  upper  part  or  a  head  found 
by  me  in  1851,  at  the  Albion  Mines,  in  a  l^eap  of  rubbish  extracted 
from  a  band  of  carbonaceous  clay  iron-stone  and  coarse  coal,  occurring 
in  the  main  coal-seam,  about  5  feet  below  its  roof,  and  known  to  the 
miners  as  the  "  holeingstone."  This  band  is  marked  No.  5  in  the 
detailed  section  of  the  Albion  main  coal  given  by  Mr.  Poole  and 
myself  in  the  Geological  Society's  Journal,  vol.  x.  p.  47.  It  varies 
in  thickness  in  different  parts  of  the  mine,  from  2  inches  to  about 
18  inches ;  and  it  contains  much  coprolitic  matter,  and  a  few  scales, 
teeth,  and  spines  of  fishes,  as  well  as  minute  Spirorbis-like  shells, 
similar  to  those  found  in  the  Joggins  coal-measures  attached  to 
plants  * .  None  of  these  fossils,  however,  are  by  any  means  abundant ; 
and  the  vegetable  remains  contained  in  the  "  holemg-stone  "  have  in 
general  been  reduced  to  the  state  of  homogeneous  coal,  or  of  minend 
charcoal.  There  can  be  little  doubt  that  this  remarkable  band 
indicates  a  somewhat  protracted  submergence  of  the  area  of  coal 
then  accumulating  under  the  waters  of  a  lake  or  lagoon. 

As  stated  in  a  note  which  accompanied  the  specimen,  when  for- 
warded to  the  Geological  Society  in  1852,  the  matrix  split  in  such 
a  manner  as  to  leave  the  upper  part  of  the  skull  adhering  to  the 
larger  portion  of  the  block,  while  the  palate  bones  and  teeth  came 
away  in  fragments.  Believing  at  the  time  that  the  fossil  had  be- 
longed to  a  fish  allied  to  Holcptychitis,  and  that  it  was  interesting 
chiefly  as  an  illustration  of  the  exceptional  fact  of  the  occurrence  of 


*  Qaart.  Joum.  Geol.  Soc.  vol.  x.  p.  39. 
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remains  of  la^  fishes  in  a  coal-seam,  I  forwarded  to  the  Geological 
Society  only  the  upper  and  more  entire  part  of  the  specimen,  retaining 
the  remainder  in  mj  own  cabinet.  Since,  however,  the  specimen 
bas  proTed  to  be  of  so  much  greater  interest  than  I  had  anticipated, 
I  now  beg  leave  to  present  to  the  Society  the  remaining  portions,  in 
the  hope  that  they  may  enable  Prof.  Owen  more  fully  to  make  out 
the  character  and  affinities  of  the  animal  to  which  they  belonged. 

I  shall  also  take  the  earliest  opportunity  to  examine  such  portions 
of  the  ''holeing-stone"  as  may  now  be  exposed  at  the  mines,  in  the 
hope  that  I  may  be  rewarded  by  further  discoveries.  I  may  remark, 
however,  that  I  have  at  various  times  examined  considerable  quantities 
of  this  material,  without  finding  any  fossils  except  the  remains  of 
small  fishes  already  mentioned ;  nor  am  I  aware  that  other  remains 
of  laree  animals  have  been  discovered  in  it,  with  the  exception  of  a 
smooth  and  nearly  cylindrical  hollow  bone,  apparently  a  part  of  a 
Urge  spine*,  now,  I  believe,  in  the  collection  of  Henry  Poole,  Esq.f 


Additional  Remarks  on  the  Skull  of  the  Baphetes  planickps,  Ow. 
By  Professor  Owen,  F.R.S.,  F.G.S. 

Since  the  communication  of  the  notice  of  the  portion  of  cranium  of 
the  Labyrinthodont  Reptile  above-named  (Quarterly  Journal  of  the 
Geol.  Soc.  May  1854),  I  have  been  favoured  with  the  view  of 
lome  other  fragments  of  the  same  cranium,  including  parts  of  the 
interior  or  under-surface,  with  several  teeth  buried  in  the  coal-matrix, 
and  exposed  at  the  fractured  surfaces. 

In  the  ordinary  Labyrinthodont  Reptiles  of  the  European  Trias, 
one  or  two  teeth  at  the  fore-part  of  the  jaws  have  the  form  and  pro- 
portions of  large  canines,  the  rest  are  smaller  and  more  slender 
pomted  teeth. 

One  of  the  present  fragments  includes  the  fore-part  of  the  right 
maxillary  and  premaxillary  bones,  and  shows  a  single  large  laniariform 
tooth  descending  from  the  fore-part  of  the  maxillary  into  the  substance 
of  the  subjacent  matrix  :  in  front  of  the  tooth  is  one  of  the  smaller, 
pointed,  serial  teeth :  of  which  teeth  other  fragments  show  other 
examples,  the  base  of  the  teeth  being  anchylosed  to  shallow  sockets 
in  the  bone. 

So  much,  therefore,  of  the  dental  system  of  the  Baphetee,  as  is 
here  exhibited,  accords  in  the  general  characters  of  shape  and 
relative  size,  of  disposition  and  mode  of  fixation  to  the  jaw,  with  the 
dentition  of  the  Labyrinthodonts. 

^  This  bone  was  exhibited  at  the  Meeting  of  the  British  Association  at  Liver- 
pool, when  it  was  regarded  as  probably  belonging  to  a  very  Uurge  fish.  Since  the 
Teaifing  of  this  paper  Mr.  Dawson  has  sent  word  that  on  further  search  he  has 
met  with  a  fragment  of  a  spine  like  that  found  by  Mr.  Poole,  and  numerous  scales 
of  sfipsreDtly  large  ganoid  fishes  in  the  rubbish-heap  of  the  coaUseam  referred  to. 
-Bd.  Q.  J.  G.  S. 

t  Late  of  the  Albion  Mines ;  now  of  Alvaston,  Derbyshire. 
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A  transverse  section  was  taken  from  about  the  middle  of  the  lai^ 
tooth,  and  exhibited  the  usual  labyrinthic  structure:  rather  leas 
complex  than  in  the  Labyrinthodom  8alamandr<nde9, 

The  character  of  the  exterior  surface  of  the  cranium  was  indicated 
in  the  specimen  originally  submitted  to  me  by  the  impression  it  had 
left  on  the  coal,  when  that  substance  was  plastic:  some  of  the 
present  fragments  show  the  surface  itself,  and  demonstrate  the  pitted 
reticulate  character  which  is  so  common  in  the  Labyrinthodonts. 

All  the  additional  evidence  thus  derived  corroborates  the  inference 
firom  the  first  portion  of  the  present  fossil  skull,  that  it  belonged  to 
a  Labyrinthodont  Reptile. 


A,  On  a  Specimen  o^Nummulitic  RocKyrom  the  neighbourhood 
</ Varna,    By  W.  J.  Hamilton,  Esq.,  Pres.  G.S. 

In  offering  to  the  Society  the  accompanying  specimen  of  Numma- 
litic  Limestone  from  Buyuk  Aladyn  in  the  neighbourhood  of  Varna, 
I  am  desirous  of  making  one  or  two  observations  respecting  its  oc- 
currence. The  specimen  was  forwarded  to  me  by  my  brother.  Col. 
F.  W.  Hamilton,  Grenadier  Guards,  who,  in  a  first  communication 
(since  published  in  the  Literary  Gazette,  July  29, 1854,  p.  690),  ex- 
pressed an  opinion  that  the  hollow  depressions  which  occur  abun- 
dantly on  the  surface  of  these  limestone  hills  were  the  result  of  arti- 
ficial excavations,  and  that  the  columnar-looking  rocks  which  remain 
standing  in  the  middle,  were  the  pillars  by  which  the  roof  was  originally 
supported.  In  a  subsequent  letter  he  observes  that  the  hollow  de- 
pressions occur  in  so  many  parts  of  the  country  on  the  limestone 
plateau,  that  he  believes  he  must  give  up  his  former  opinion  that 
they  are  artificial,  and  look  upon  them  as  natural  depressions. 

On  referring  to  Bout's  'Esquisse  Gdologique  de  la  Turquie 
d'Europe'  (Paris  1840),  I  find  that,  after  mentioning  the  fact  of 
the  vast  devdopment  of  the  cretaceous  formations  in  Turkey  (p.  17), 
he  alludes  to  the  occurrence  in  Bulgaria  of  enormous  masses  of  Or- 
bitolites,  constituting  a  portion  of  the  nummulitic  group.  Further 
on  (p.  21),  he  observes  mat  the  upper  beds  of  these  cretaceous  rocks 
are  mil  of  OrbitoliteB,  to  which  he  has  given  the  name  of  0.  But- 
garica. 

He  also  alludes  to  the  great  prevalence  of  caverns  and  grottos  in 
some  portions  of  the  cretaceous  beds  of  Turkey  in  Europe,  many  of 
which  have  assumed  the  form  and  appearaDce  of  a  funnel  (m/on- 
noir).  He  believes  them  to  be  all  natural,  and  to  be  owing  to  the  dif- 
ferent degrees  of  hardness  of  the  different  beds  of  rock.  Some  are 
described  as  occurring  on  the  surface  of  the  plateau,  probably  re- 
sembling, though  on  a  smaller  scale,  those  seen  in  the  Carst  near 
Trieste. 

I  have  placed  on  the  table  for  the  purpose  of  comparison,  a  speci- 
men of  Nummulitic  Rock  from  the  centre  of  Asia  Minor.    I  obtained 
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it  from  a  spot  near  the  souroes  of  the  Maeander,  where  that  river 
bursts  forth  in  the  market-place  or  agora  of  Celeense,  as  described  by 
Strabo,  evidently  after  a  subterranean  course  under  the  mountains, 
the  river  having  previously  disappeared  at  the  foot  of  the  hills  in  a 
more  elevated  |uain  on  the  N.E.  side  of  the  mountains. 

The  two  specimens  show  both  in  lithological  appearances  and  or- 
ganic character  a  very  remarkable  resembUmce.  Even  the  species  of 
Nummulite  appears  to  be  the  same,  thus  affording  another  link  in 
Uiat  vast  cham  of  nummuhtic  formations  which  extend  almost  from 
the  west  of  Eurcpe  to  the  northern  provinces  of  India.  In  the 
Yama  specimen  Mr.  T.  B.  Jones  has  made  out  an  Orbitoides  (Orbi- 
UMtes  of  some  authors),  which  is  probably  identical  in  species  vdth 
the  Orbitoides  dispansua  of  Persia  and  Scinde. 


November  15,  1854. 

Francis  Galton,  Esq.  was  elected  a  Fellow. 

The  foUowuig  communications  were  read : — 

I.  On  the  Structure  o^Mont  Blanc  and  its  Environs. 
By  Daniel  Sharfe,  Esq.,  F.R.S.,  F.G.S. 

[PI.  I.] 
Mont  Blanc  has  been  represented  by  Professor  James  Forbes,  in  his 
admirable  work  on  the  Alps,  as  consisting  of  a  mass  of  stratified 
granite,  in  which  the  strata  are  arranged  in  the  form  of  a  fan  with 
one  vertical  axis  running  through  the  whole  chain :  on  both  sides  the 
granite  is  stated  to  overlie  a  great  formation  of  limestone,  its  beds 
oipping  under  the  granite  in  perfect  conformity  vdth  the  strata 
of  Uie  granite  itself,  and  a  similar  conformable  superposition  of  gra- 
nite upon  limestone  is  stated  to  occur  in  the  Montague  de  la  Saxe  on 
the  east  of  Mont  Blanc*. 

The  section  given  by  Professor  Studer  adopts  the  above  views 
with  the  following  modifications :  instead  of  panite,  the  chain  is 
stated  to  consist  of  prologine  fianked  by  gneiss  and  metamorphic 
slates,  the  beds  dipping  tmder  these  are  described  as  black  limestone 
and  slate,  and  the  Montague  de  la  Saxe  as  felspar-slate  f. 

There  are  two  apparent  anomalies  in  these  statements  which  stand 
in  contradiction  to  the  general  experience  of  geologists  elsewhere : 
Ist,  the  alleged  conformity  of  stratification  between  the  crystalline 
and  the  secondary  rocks ;  2nd,  the  superposition  of  the  granite  or 
protogine  upon  the  latter.  It  is  of  such  vital  importance  to  the  pro- 
gress of  geology  that  we  should  have  correct  views  upon  these  points, 
that  no  apology  is  needed  for  a  re-examination  of  the  evidence  on 

*  J.  Forbes,  TraveU  through  the  Alps  of  Savoy,  chap,  xi,  and  Topographical 
sketch,  No.  3. 

t  Stader,  Geologic  der  Schweiz,  vol.  i.  p.  168  to  176,  and  Section,  p.  175. 
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whicli  they  rest ;  since  the  higher  the  authority  on  which  an  error 
is  promulgated,  the  more  pernicious  is  it  to  the  progress  of  science. 

On  a  recent  visit  to  the  Alps  I  deroted  ten  da^s  to  the  enyirons 
of  Mont  Blanc,  to  examine  the  accuracy  of  the  views  ahove  stated, 
and  to  ohserve  the  relations  of  the  foliation  of  the  crystalline  rocks 
to  the  cleavage  of  the  surrounding  stratified  slates.  The  time  at  my 
disposal  only  allowed  me  to  take  a  hasty  view  of  the  principal  phte- 
nomena ;  hut  here,  as  throughout  Switzerland,  the  higher  mountains 
have  long  heen  especial  ohjects  of  study,  and  require  little  re-exami- 
nation, and  it  is  in  the  valleys  and  on  the  lower  flanks  of  the  hilb 
that  ohservations  are  wanted  to  classify  and  work  out  the  position  of 
the  secondary  rocks.  The  following  pages  contain  the  results  of  my 
observations,  which,  though  very  incomplete,  will  help  to  bring  the 
geology  of  this  interesting  district  into  harmony  witn  our  general 
experience. 

The  structure  of  the  great  chain  of  Mont  Blanc  is  well  seen  from 
the  Mer  de  Glace ;  by  ascending  as  far  as  the  Jardin  we  obtain  a 
section  of  more  than  tnree-fourths  of  the  chain,  which  may  be  com- 
pleted by  visiting  its  eastern  flank  in  the  Yal  Ferret ;  the  direction 
and  dip  of  the  rocks  which  form  the  intervening  ridge  being  distinctly 
visible  from  both  sides.  Saussure  has  given  minute  descriptions  of 
many  parts  of  the  chain ;  Forbes,  Studer,  and  others  describe  other 
portions,  so  that  very  little  remains  unknown. 

The  mineral  character  of  the  rocks  has  been  well  described*  ;  thcnr 
consist  for  the  most  part  of  a  talcose  gneiss,  usually  containing  both 
mica  and  talc,  which  towards  the  centre  of  the  chain  is  so  sughtly 
foliated  as  to  resemble  granite,  while  on  its  flanks  the  more  marked 
foliation  brings  it  to  the  condition  of  talc-schist  or  mica-schist.  The 
less  foliated  portions  have  been  called  Granit  veinS,  Alpine  granite,  and 
Protogine ;  but  there  is  no  natural  line  to  be  drawn  between  these 
and  the  more  schistose  varieties,  and  a  passage  may  be  traced  by  in- 
sensible eradations  from  the  schist  to  the  more  massive  and  granitic 
rock  of  the  centref. 

Instead  of  the  simple  fan-shaped  arrangement  of  the  foliation,  with 
one  vertical  axis,  which  has  previously  been  attributed  to  the  gneiss 
of  Mont  Blanc,  I  found  two  nearly  parallel  lines  of  vertical  fo^tion 
running  through  the  whole  chain,  separated  by  a  narrow,  steep  anti- 
clinal axis ;  on  the  Mer  de  Glace  these  lines  are  about  a  mile  and  a 
half  apart,  but  they  diverse  a  little  in  their  course  both  to  the  north 
and  south.  Ascending  the  Montanvert  from  the  valley  of  Cha- 
mounix,  the  foliation  when  first  seen  dips  E.  50^  becomes  gradually 
steeper  as  we  ascend  till  it  reaches  £.  80°  above  the  little  inn ;  on 
the  Mer  de  Glace,  between  the  Montanvert  and  Trdaporte^,  the  direc- 

*  SftusBure,  §  677 ;  Studer,  vol.  i.  p.  168 ;  Bakewell,  Tarentaise,  vol.  ii.  p.  22. 

t  There  is  an  exception  at  the  angle  on  the  Mer  de  Glace,  where  a  projecting 
mass  of  granite  is  distinctly  separated  from  the  surroanding  gneiss. 

X  These  points  will  be  foand  in  Professor  J.  Forbes's  Map  of  the  Mer  de  Glace 
accompanying  his  '*  Travels  through  the  Alps  of  Savoy."  It  is  necessary  to  warn 
the  reader  that  the  engraver  of  that  map  has  laid  the  line  of  TVite  North  to  the 
west  instead  of  the  east  of  the  magnetic  north. 
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tion  of  the  foliation  changes  to  N.  15^  E.,  N.  25°  E.  and  N.  30°  E., 
its  inclination  rising  from  a  dip  of  £.  25°  S.  75°  to  the  perpendicular 
at  Tr^apoite,  where  it  strikes  N.  30°  E. ;  to  the  eastward  of  this 
root  it  dips  W.  30°  N.  85°,  then  80°,  agam  changes  to  E.  30°  S.  80°, 
thns  forming  an  anticlinal :  it  again  reaches  the  perpendicular  at  the 
Gouvercle,  with  the  strike  of  N.  30°  £. :  from  this  point  to  the  east- 
ward the  dip  is  W.  30°  N.,  the  inclination  gradually  diminishing  till 
it  reaches  60°  on  the  west  side  of  the  Yal  Ferret.  In  the  intervening 
ridge  which  separates  the  Mer  de  Glace  from  the  Yal  Ferret,  inclu- 
ding the  G^t,  the  Col  de  G^t,  the  two  Jorasses  and  the  Aiguille  de 
Lmiand,  the  foliation  dips  between  75°  and  80°  (see  PL  I.  Sections, 
Nos.  3  and  4) .  There  is  therefore  a  narrow  anticlinal  axis  in  the  centre 
of  the  chain,  with  half  an  arch  on  each  side  of  it ;  and  the  other  parts 
of  these  arches  must  be  looked  for  on  the  other  sides  of  the  Val 
Ferret  and  AU^  Blanche,  and  of  the  valley  of  Charoounix. 

Let  ua  now  follow  the  direction  of  the  two  lines  of  vertical  foliation 
JQ£t  mentioned.  The  western  line,  which  is  seen  at  Tr^porte  on 
the  Mer  de  Glace,  runs  S.  30°  W.  through  the  Aiguille  des  Charmoz ; 
if  continued  in  the  same  direction  it  would  pass  through  the  highest 
point  of  Mont  Blanc ;  on  the  side  towards  Chamounix  the  summit 
18  entirely  covered  with  snow,  but  on  the  eastern  side  the  rock  is  less 
concealed,  and  it  appears,  when  seen  from  the  Yal  Ferret,  to  be 
composed  of  vertical  masses :  we  carry  the  same  line  through  the 
AijB;uille8  de  Blaiti^re,  du  Plan,  and  du  Midi,  in  all  of  which  Saussure 
informs  us  (chap,  xviii.)  that  the  foliation  is  vertical  with  a  strike  of 
S.  35°  W.  For  a  short  distance  further  south  my  information  fails 
me,  but  on  nearly  the  same  line  we  find  the  Jurassic  rocks  of  the 
Col  da  Bonhomme  intersected  by  a  vertical  cleavage  striking  S. 
25°  W. 

The  same  line  of  vertical  foliation  may  be  traced  in  the  same  manner 
northward  from  the  Mer  de  Glace ;  it  runs  N.  30°  E.  through  the 
AiguiUe  du  Dru,  and  N.  35°  E.  on  the  western  side  of  the  Aiguille 
du  Tour ;  from  that  point  I  can  only  carry  it  on  conjecturally  to 
meet  a  line  of  vertical  cleavage  striking  N.  30°  E.  through  the  slate 
a  little  west  of  Sembranchier  in  the  vafiey  of  the  Drance. 

I  have  not  followed  the  eastern  line  of  vertical  foliation  to  the 
northward,  but  I  cau  point  out  its  course  for  some  distance  south- 
ward ;  from  the  Mer  de  Glace  we  can  see  that  it  runs  S.  30°  W.  from 
the  Aiguille  du  Moine  to  the  Couvercle ;  from  the  southern  point  of 
the  Tacul  it  passes  S.  25°  W.  through  La  Tour  Bonde  and  the  second 
Flambeau  to  the  Yierge :  Saussure  describes  Mont  Broglia  behind 
the  Glacier  de  Miage,  as  composed  of  vertical  mica-schist,  striking 
N.£.  and  N.N.E.  (§  891),  and  farther  on  I  found  a  slaty  hmestone 
in  the  All^  Blanche,  above  the  Lac  de  Combal,  intersected  by  a 
vertical  cleavage  striking  S.  35°  W.,  with  plates  of  mica  on  the  planes 
of  cleavage  (see  PL.  I.  Sect.  7),  and  the  Jurassic  rocks  of  the  Col  de  la 
Seigne  are  vertically  cleaved  in  the  same  direction  on  the  continuation 
of  the  same  line. 

The  information  relating  to  the  parallel  chain  of  Mont  Brevent 
and  the  Aiguilles  Rouges  is  less  complete ;  but  I  have  reason  to  be- 
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lieve  that,  like  Mont  Blanc,  it  has  a  narrow  anticlinal  axis  bounded 
by  two  lines,  along  which  the  planes  of  foliation  and  cleavage  are 
vertical,  and  ontside  of  which  these  planes  dip  towards  the  central 
axis :  the  chain  consists  of  gneiss  or  protogme,  overlaid  and  flanked 
by  a  metamorphic  semi-crystalline  slate,  so  that  it  contains  foliated 
and  laminated  rocks  in  contact.  But  the  regularity  of  its  structure 
has  been  disturbed  by  intrusive  rocks  of  more  modem  date.  The 
following  are  the  details  which  I  collected  regarding  it.  On  the  west 
of  M artigny  the  high  ridge  of  mica-schist  which  intervenes  between 
the  Drance  and  the  Trient  has  an  axis  of  vertical  foliation  striking 
N.  30°  £. ;  this  axis  may  be  traced  on  the  west  side  of  the  ravine 
leading  from  Martigny  le  Bourg  to  the  Forckz  on  the  road  to  Cha- 
mounix,  and  it  is  seen  well  exposed  close  to  the  village  of  Trient : 
the  river  Trient  here  runs  nearly  west,  and  separates  the  mica-schist 
just  mentioned  from  the  slate  of  the  Col  de  Balme ;  on  the  south 
side  of  the  vallev  we  find  the  cleavage  of  these  slates  vertical,  with  a 
strike  of  N.  15^  £.,  which  changes  on  the  Piedmontese  side  of  the 
Col  de  Balme  to  N.  4b°  £.,  and  continues  with  this  latter  direction 
till  it  meets  the  vertical  foliation  of  the  crystalline  rocks  of  the  Aiguilles 
Rouges.  Saussure  (§  642  and  646)  informs  us  that  the  foliation  of 
Mont  Brevent  is  vertical,  with  a  strike  to  the  magnetic  north,  or 
N.  19°  W.,  and  a  little  south-west  of  Chamounix  vertical  gneiss  form- 
ing part  of  the  flank  of  Mont  Brevent  is  seen  to  strike  due  N.  on  the 
side  of  the  valley ;  some  miles  to  the  S.W.,  near  Bionnay,  a  meta- 
morphic slate  has  a  vertical  cleavage  striking  N^  30°  £.,  but  the 
rocks  in  the  interval  between  this  point  and  the  foot  of  Mont  Brevent 
are  in  great  confusion. 

M.  Studer,  p.  162  and  163,  states  that  the  structure  of  the  middle 
of  the  group  of  the  Aiguilles  Rouges  is  anticlinal ;  and  Saussure, 
§  552,  mentions  the  vertical  foliation  of  Mont  Loguia,  and  at  §  598 
and  689,  vertical,  cleavage  near  Valorsine  striking  W.N.W. ;  com- 
bining these  observations,  there  is  little  doubt  that  the  general  struc- 
ture of  the  chain  is  that  stated  above,  and  that  its  foliation  corre- 
sponds to  the  foliation  and  cleavages  of  the  hills  west  of  Martigny, 
which  is  shown  in  Section  1,  PI.  I. 

The  Arve,  after  running  S.S.W.*  through  the  valley  of  Chamounix, 
turns  round  the  foot  of  Mont  Brevent  to  the  N.W.,  and  lays  open  in 
a  deep  ravine  a  large  mass  of  hard  dark  felspathic  rock  *,  massive  in 
the  centre  of  the  mass,  but  irregularly  slaty  towards  its  exterior, 
which  has  thrown  the  neighbouring  rocks  into  great  disorder,  giving 
both  to  the  beds  and  cleavage  a  strike  of  about  N.W.  The  foliation 
of  the  intrusive  rock  itself  is  obscure,  but  appears  to  be  in  concentric 
curves  corresponding  to  the  external  form  of  the  mass,  a  common 
arrangement  in  rocks  of  this  class :  this  rock  is  seen  on  both  sides  of 
the  Arve,  and  is  crossed  by  the  road  at  the  highest  point  of  Les 
Monties,  a  little  west  of  the  village  of  Ouches.  A  smaller  mass  of  a 
similar  rock  is  seen  a  little  east  of  Servoz,  equally  disturbing  the 

*  Saussure,  $  503,  describes  it  as  consisting  of  pierre  de  come,  quartz,  and 
felspar,  with  very  little  mica. 
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Tegolarity  both  of  the  bedding  and  deavage  in  that  neighbourhood*. 
These  rocks,  and  others  of  similar  character  occurring  in  the  same 
chain  near  Valorsine,  are  treated  by  M.  Studer,  p.  161  and  162,  as 
parts  of  the  crystalline  axis  of  the  chain ;  but  their  disturbing  the 
regularity  of  the  deavage  planes  proves  their  eruption  to  be  after  the 
lamination  had  been  completed.  Now  the  foliation  of  the  Aiguilles 
Bouges  corresponds  so  exactly  to  that  of  Mont  Blanc,  as  to  leave  no 
doubt  of  these  two  chains  having  been  formed  contemporaneously ; 
and  we  thus  learn  that  Mont  Brevent  and  the  Aiguilles  Rouges  have 
been  subjected  to  disturbing  mfluenoes  at  a  later  period  thim  Mont 
Blanc;  an  observation  of  which  the  full  importance  will  be  seen 
in  reference  to  the  beds  in  the  intervening  vaUey  of  Chamounix,  to 
which  we  will  next  proceed. 

The  section  No.  3,  PI.  I.  shows  roughly  the  position  of  the  beds  at 
the  head  of  the  valley  of  Chamounix  on  the  southern  side  of  the  Col 
de  Balme :  the  rock  which  rests  on  the  gneiss  of  the  chain  of  Mont 
Blanc,  at  the  foot  of  the  Aiguille  de  Tour,  is  a  metamorphic  slate,  con- 
taining nodules  of  quartz  set  in  a  semi-crystalline  mass.  These 
nodules  appear  not  to  be  true  pebbles,  but  to  owe  their  form,  in  some 
degree  at  least,  to  metamorphic  action ;  but  this  is  a  point  of  great 
difficulty.  The  rock  reminded  me  of  the  slaty  cnrstalline  grits  of 
Cumberland.  The  bedding  is  distinct,  dipping  N. W.  40^  to  50^,  and 
the  cleavage,  equally  distinct,  dips  £.  35^  S.  70^  to  80%  in  conformity 
with  the  foliation  of  the  gneiss  on  which  it  restsf . 

Upon  the  metamorphic  slate  rests  a  great  series  of^black  and  dark 
brown  slates  dipping  30°  to  the  westward ;  but  on  the  east  side  of  the 
Col  de  Balme  the  same  slates  dip  50^  to  the  E.N.E.,  and  on  the  west 
side  of  the  Col  they  dip  30°  to  the  W.S.W.,  and  further  on  they  are 
thrown  into  some  confusion.  The  cleavage  of  the  slates  forms  a 
regular  anticlinal  axis  at  the  Col  de  Balme,  and  a  synchnal  axis  a 
little  east  of  the  Col ;  further  east  it  forms  another  anticlinal,  which 
must  be  the  continuation  of  the  anticlinal  axis  of  the  Aiguilles  Rouges, 
mentioned  above.  At  this  line  the  cleavage  is  thrown  into  great 
confusion,  which  may  be  seen  in  some  of  the  Uttle  ravines  on  the  de- 
scent from  the  Col  de  Balme  towards  La  Tour :  here  again  we  see 
proofs  of  the  disturbance  caused  by  a  more  recent  elevation  of  the 
Aiguilles  Bouges,  by  which  the  rocks  on  the  western  side  of  the 
valley  are  more  affected  than  those  on  the  eastern  side.  One  of  the 
beds  seen  near  the  village  of  La  Tour  deserves  especial  notice;  it  is  a 
purple  slate  slightly  micaceous,  breociated,  with  pebbles  or  masses 

*  The  rocks  at  the  Hospice  of  the  Great  St  Bernard  and  of  the  Val  d'Entremont, 
near  St.  Pierre,  and  also  the  intmsive  rocks  in  the  Val  d'Aosta,^  east  and  west  of 
Uvrognet  appeared  to  me  to  he  of  a  similar  character  to  the  ahove :  they  also 
strike  a  little  W.  of  N.,  and  disturb  both  the  bedding  and  cleavage  of  their  respec- 
tive  neighbourhoods :  see  Studer,  vol.  i.  p.  205. 

t  Saussure,  §  552,  describes  a  rock  near  Valorsine  as  **  une  esp^e  de  granit 
vein^,  parsem^  de  noends  de  quartz  lenticulaires,  pos^  de  plat  entre  les  feuillets 
de  la  pierre  et  parallelement  a  eux."  This  is  probably  similar  to  the  metamorphic 
slate  on  the  flank  of  the  Aiguille  de  Tour.  Similar  rocks  occur  in  many  parts  of 
this  district  in  contact  with  the  gneiss,  and  their  resemblance  to  gneiss  has  often 
proved  a  souroe  of  confusion. 
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of  slate  of  different  colours  and  consistency,  all  of  which  are  flattened 
between  the  planes  of  cleavage,  showing  the  pressure  to  which  the 
rock  has  been  subjected  in  a  direction  perpenoicular  to  the  deavage 
planes*. 

Owing  to  the  great  accumulation  of  fragments  which  have  fidlen 
from  the  mountains  and  form  a  steep  talus  on  both  sides  of  the  valley, 
the  secondary  rocks  of  the  valley  of  Chamounix  are  difficult  of  exa- 
mination ;  indeed  in  many  parts  there  are  no  secondary  beds  visible, 
the  detritus  of  the  valley  extending  up  to  the  base  of  the  crystalline 
rocks.  I  had  not  time  to  ascend  the  various  ravines  which  offer  a 
chance  of  detecting  the  secondary  formations  exposed ;  but  in  the 
localities  which  I  examined,  I  saw  nothing  to  justify  the  idea  that  the 
gneiss  really  overlies  the  secondary  he&;  nor  do  the  descriptioiiB 
publbhed  by  preceding  observers  justify  any  such  conclusion.  I  am 
persuaded  that  the  notion  has  arisen  from  an  approach  to  conformity 
m  the  dip  of  the  foliation  of  the  gneiss  of  Mont  Blanc,  along  the  side 
of  the  vallev,  with  that  of  the  beds  of  stratified  rocks,  which  for  the 
most  part  dip  at  various  angles  towards  the  cludn  of  Mont  Blanc. 
But  this  apparent  conformity  is  accidental :  the  folia  of  the  gneiss 
owe  their  position  to  a  deep-seated  agency  of  the  nature  of  which  we 
are  ignorant,  which  produced  an  arrangement  of  wonderful  symmetry, 
extending  on  a  uniform  plan  over  a  vast  area,  before  the  more  mo- 
dem of  me  beds  at  Chamounix  were  formed :  the  easterly  and  south- 
easterly dip  of  the  beds  in  the  valley  is  due  to  the  drcumstanoe 
already  alluded  to,  that  the  chain  of  Mont  Brevent  and  the  Aieuilles 
Rouges  has  received  a  movement  of  elevation  at  a  later  period  than 
Mont  Blanc ;  and  in  consequence  the  beds  lying  between  the  two 
chains  are  higher  on  the  western  side  of  the  valley  and  dip  towards 
Mont  Blanc. 

The  interest  attaching  to  the  question,  whether  the  crystalline  rocks 
overlie  the  secondary  formations  of  Chamounix,  makes  it  necessary  to 
examine  the  statements  on  the  subject  in  some  detail. 

Saussure  devotes  Chap.  22  to  the  secondary  rocks  of  Chamounix : 
he  mentions  beds  of  slate,  limestone,  and  gypsum  dipping  to  the  S.W« 
at  angles  of  28^  30^  and  -15°,  and  sums  up  at  the  end  that  th^  are 
all  more  modem  than  the  crystalline  rocks,  adding,  '*  celle  du  Biolay, 
§  708,  dont  les  couches  sont  ensag^  sous  celles  de  la  montagne 
primitive,  semblerait  pourtant  faire  une  exception  k  celle  r^le." 
Yet  the  previous  description  of  the  quarry  at  Biolay  here  referred  to 
by  no  means  justifies  this  exception ;  it  is  ''les  couches  sont  situ^s 
pr^cis^ment  comme  celles  de  la  montagne  primitive  k  laqueUe  elles 
sont  adoss^es.'' 

Mr.  James  Forbes  calls  attention  to  two  masses  of  dark  grey  lime- 

*  SausBure  in  several  parts  of  his  Travels,  §  841,  848,  850,  &c.,  describes  with 
great  minateness,  brecciated  slates  with  amygdaloidal  pebbles  amn^ed  with  their 
flat  sides  parallel  to  the  plant  det  feuUiett^  and  in  every  instance  condudes  that 
the  feuWeti  indicate  the  original  stratification,  and  that  the  rock  has  been  raised 
from  a  horizontal  to  its  present  vertical  position.  In  the  bed  at  the  Col  de  Balme 
the  bedding  cannot  be  mistaken,  as  this  bed  is  interposed  between  othera  of  a 
totally  different  character. 
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stone  mentioned  by  Saassiure,  §  709  and  710,  one  of  wbich  rests  on 
the  flank  of  the  Aiguilles  Rouges  below  the  Croix  de  la  fle^re, 
dipping  S.E.  70° ;  the  other,  of  similar  character,  is  opposite  to  it  on 
the  east  side  of  the  valley,  forming  a  little  hillock,  called  the  C6te  du 
Piget,  between  the  present  and  the  ancient  moraines  of  the  Glacier 
dn  Bois :  the  beds  dip  S.E.  30^  from  which  he  infers  that  this  lime- 
stone dips  under  the  gneiss  of  Mont  Blanc  (Trayels,  p.  63).  But 
as  the  contact  of  the  limestone  and  gneiss  is  not  seen,  the  mass  being, 
85  stated  by  Saussure,  *'  enti^rement  isol^  dans  le  has  de  la  vall^," 
the  conclusion  is  evidently  not  drawn  from  observation.  The  assei- 
tion  that  limestone  dips  under  the  granite  in  the  valley  of  Cha- 
mounix,  is  several  times  repeated  by  Professor  Forbes,  but  the  only 
points  especially  mentioned,  at  pp.  63  and  66,  do  not  justify  this  con- 
clusion. 

M.  Necker  had  previously  asserted  in  general  terms  that  the  talc- 
schists  cover  the  secondary  rocks  along  the  whole  valley  of  Cha- 
monnix'*',  but  without  indicating  any  precise  spots  where  such  super- 
position was  to  be  seen. 

Considerable  information  relative  to  the  secondary  rocks  will  be 
found  in  a  very  interesting  memoir  by  M.  Favre  on  the  Environs  of 
Chamounix,  in  the  Biblioth^ue  Universelle  de  Geneve  for  April  1 848, 
in  which  the  author  announced  his  discovery  of  Jurassic  and  Anthraxi- 
ferous  beds  resting  on  the  summit  of  the  Aiguilles  Bouges.  He 
states  that  on  the  west  side  of  the  valley  of  Chamounix  a  band  of 
anthraxiferous  beds  rests  on  the  base  of  the  Aiguilles  Rouges,  over- 
laid by  Jurassic  beds  which  are  seen  on  the  other  side  of  the  valley 
dipping  S.E.  30%  adding,  "  les  schistes  cristallins  paraissent  plonser 
sous  les  roches  de  cristallisation  et  reposer  sur  les  calcaires  dont  les 
couches  pr6sentent  la  meme  inclinaison."  He  concludes  with  great 
justice,  "  H  me  semble  done  que  c'est  la  chaine  des  Aiguilles  Rouges 
oui  a  d^rmin^  le  redressement  des  roches  s^mentaires  placees 
oans  la  vall^  de  Chamounix.     Cette  opinion  me  paraissait  aabord 

T  jusqu'k  tm  certain  point  rim- 


extraordinaire,  car  c'^tait  annuller  jusqu'k  tm  certain  point  1 

S^rtance  g^gnostique  de  I'^norme  chaine  protogineuse  du  Mont 
lane." 

It  is  evident  from  these  passages  that  M.  Favre  has  nowhere  seen 
the  crystalline  schists  of  Mont  Blanc  lying  upon  the  sedimentary 
beds  in  the  manner  represented  in  the  section  wnich  accompanies  his 
memoir.  From  seeing  the  Jurassic  beds  at  the  base  of  the  hill  dip 
towards  the  schists  which  form  its  side,  at  angles  occasionally 
coinciding  with  those  of  the  dip  of  the  foliation  of  the  schists,  the 
inference  has  been  drawn  that  the  Jurassic  beds  dip  under  th| 
schists. 

In  my  Section  No.  4,  Fl.  I.,  I  have  shown  the  position  of  a  mass  of 
gypsum  alternating  with  steatitic  clay,  which  I  visited  in  the  Ravine 
between  the  Montague  de  Taconnay  and  the  Montagne  des  Forts, 
near  the  spot  mentioned  by  Saussure,  §  706 :  the  beds  dip  S.  15% 
and  are  entirely  free  from  cleavage.  Another  quarry  of  gypsum,  a 
little  south  of  the  foot  of  the  Glacier  de  Taconnay,  offered  some 

*  £tade8  G^logiques  dans  les  Alpes^voL  i.  p.  138. 
vol*.  XI. — PART  I.  C 
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peculiAritiefl  of  interest ;  it  exhibits  the  jimction  of  two  beds  of  gypram 
of  Teiy  different  characters,  separated  by  an  irr^i^ular  waving  lin^ 
which  is  on  the  whole  vertical,  striking  £.  The  sonthem  portion  is 
traversed  by  well-marked  planes  of  cleavage,  dipping  S.  70^,  along 
which  are  small  folia  of  talc,  giving  the  mass  a  grey  colour.  The 
northern  bed  is  a  pure  white  gypsum,  quite  free  from  cleavage  ;  the 
annexed  woodcut,  fig.  1,  will  give  a  rough  idea  of  this  arrangement. 


TUeoM  GTiwiim.      Furt  white  G  jpram. 

It  appears  from  these  sections  that  there  are  two  deposits  of  gypsum 
of  very  different  ages  in  the  valley  of  Chamoanix ;  the  earner  one 
laminated,  the  later  deposited  after  the  lamination  of  the  rocks  was 
completed.  In  both  these  cases  the  detritus  concealed  the  base  of 
the  gypsum. 

The  lower  part  of  the  valley  of  Chamonnix  is  so  much  filled  up 
by  detritus  that  I  despaired  of  finding  anywhere  the  central  axis  of 
the  valley  exposed;  but  since  my  return  I  observe  that  Saussure 
mentions  at  §  656,  that  at  Blaiti^re,  to  the  east  of  the  village  of 
Chamounix,  the  foliation  of  the  crystaltine  schists  is  nearlyhori- 
zontal,  striking  N.E.,  from  which  spot  the  inclination  gradually  in- 
creased as  he  ascended  towards  Mont  Blanc.  This  observation  bears 
out  what  I  had  inferred,  that  the  foliation  of  Mont  Blanc  and  the 
Aiguilles  Rouges  forms  together  a  complete  arch,  the  crown  of  which 
runs  down  the  valley  of  Chamounix. 

In  Section  No.  5,  PL  I.,  I  have  given  a  rough  sketch  of  the  posi- 
tion of  the  bedding  and  cleavage  of  the  rocks  seen  in  crossing  the  Col 
du  Bonhomme  from  Nant  Bourant  to  Chapieux.  The  Bonhomme  is 
exactly  on  the  southern  prolongation  of  the  western  line  of  vertical 
foliation  of  Mont  Blanc.  The  section  is  a  most. interesting  one,  and 
worthy  of  more  time  than  I  devoted  to  it ;  but  as  M.  Favre  is  engaged 
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on  the  examination  of  the  wild  region  to  the  south  of  Mont  Blanc, 
we  may  soon  hope  to  see  it  properly  described.  The  ascent  from 
the  West  is  principally  over  dark  slates  of  the  anthraxiferons  series, 
which  form  a  very  irregular  and  disturbed  anticlinal ;  they  are  tra- 
yeraed  by  deayage  dipping  usually  £.  25^  to  30^  S.,  at  angles  in- 
creasing as  we  ascend  tne  hiU  from  Nant  Bourant.  These  are  sur- 
mounted by  a  great  series  of  Jurassic  beds,  in  which  I  noted  the 
following  descending  series,  which,  howeyer,  was  taken  down  too 
hastily  to  be  giyen  as  more  than  a  rough  approximation. 

Hard  slate,  seen  at  Chapieux ;  deaVage  well-marked. 

Slaty  Hmestone ;  deayage  distinct. 

Hard  quartzose  grit,  wi&out  deayage. 

Black  slate  of  great  thickness,  with  quartz  yeins  along  the  planes 
of  deayage,  which  are  wayy,  and  somewhat  irregular. 

Quartzose  grit,  without  deayage. 

Grey  siliceous  limestone,  without  deayage. 

Botten  black  slate,  with  marked  deayage ;  on  which  the  Second 
Cross  stands. 

Hard  grit,  free  from  deayage. 

Soft  bhck  shale. 

Sandstone  and  calcareous  conglomerate  alternating  with  beds  of 
hard  blue  limestone,  the  whole  free  from  deayage. 

Sandstone,  with  distinct  deayage. 

Hard  grit,  without  deayage. 

Hard  metamorphic  grit,  with  marked  deayage  running  up  to  the 
Bonhamme. 

Hard  siliceous  limestone,  without  deayage,  probably  the  base  of 
the  Jurassic  series. 

Indurated  sandstone  passing  into  quartz  rock,  with  innumerable 
joints;  deayage  obscure ;  probably  the  commencement  of  the  anthraxi- 
ferons series. 

Hard  siliceous  limestone,  free  from  deayage,  on  which  stands  the 
First  Cross. 

Hard  quartzose  grit,  without  deayage. 

Black  slates. 

The  Jurassic  beds  all  dip  either  S.E.  or  E.S.E.  from  20°  to  30® ; 
their  deayage  is  yertical  on  the  top  of  the  Pass,  and  dips  N.  30°  W.  at 
r^;nlarly  decreasing  angles  from  the  top  to  the  Second  Cross,  where  it 
forms  an  anticlinal.  The  strike  of  the  deayage  yaries  from  N.  25°  E. 
to  N.  60°  E. 

I  should  not  haye  offered  a  section  so  hastily  drawn  up,  but  for 
the  interest  attaching  to  the  arransement  of  the  deayage  planes.  In 
the  first  place  it  is  to  be  obseryed,  that  many  of  the  hardest  beds, 
best  able  to  resist  pressure,  are  quite  free  from  deayage ;  while  other 
beds,  both  aboye  and  bdowthem,  are  so  thoroughly  deayed  as  to  be 
ijuite  slaty.  And  the  intercalation  of  the  compact  beds  has  yeiy 
httle  altered  the  direction  of  the  planes  of  deayage  in  the  other  beds, 
which  are  nearly  conformable ;  though  perhaps  rather  less  regularly  so 
than  appears  in  my  section.  I  obseryed  a  similar  dtemation  of  slaty 
and  compact  beds,  in  many  other  parts  of  the  Alps,  in  the  uppermost 
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series  of  beds  which  exhibit  a  slaty  stracture ;  but  nowhere  can  it  be 
better  studied  than  in  the  Col  du  Bonhomme  ;  the  force  which  pro- 
duced the  cleavage  acting  from  below  has  laminated  all  the  older 
rocksy  but  towards  the  upper  limit  of  its  action  has  onlj  affected  those 
beds  whose  materials  yielded  most  readily  to  its  influence. 

The  rocks  of  the  Col  du  Bonhomme  are  cobured  in  M.  Studer*s 
Map  of  Switzerland  as  Jurassic  deposits  of  unascertained  age ;  perhaps 
attention  to  the  above-described  peculiarities  of  deavage  may  enable 
us  to  fix  their  age  more  nearly.  In  the  passes  of  the  Saainitsch  and  the 
Gemmi,  and  in  the  neighbourhoods  of  Meyringen»  Grindelwald,  and 
Lauterbrunnen,  I  observed  that  all  the  Lower  Jurassic  Bocks>  and  the 
lower  portions  of  M.  Studer*s  Middle  Jurassic  Series,  were  thoroughly 
intersected  by  slaty  cleavage;  that  in  the  middle  portion  of  the 
Middle  Jurassic  Division  only  the  softer  beds  were  slaty,  the  harder 
beds  alternating  with  them  being  free  from  cleavage,  and  that  in  all 
beds  above  these  there  was  no  trace  of  cleavage.  Now  it  is  more 
than  probable  that  in  each  district  the  cleavage  took  place  at  one 
period,  and  ceased  at  the  same  time  throughout  the  oistrict;  and 
that  the  formation  in  which  only  certain  beds  are  sla^  is  in  each 
case  the  uppermost  subject  to  the  cleavage  action.  Therefore  we 
may  infer  that  the  beds  of  the  Col  du  Bonhomme  are  of  the  same 
age  as  those  of  the  Saanitsch,  &c.,  which  exhibit  similar  phtenomena 
of  partial  cleavage,  and  which  M.  Studer  has  ascertained  to  belong 
to  the  middle  part  of  the  Jurassic  series.  Thus  eeolo^ts  will  find 
that  the  study  of  slaty  cleavage  may  sometimes  give  them  new  and 
unexpected  assistance  in  determining  the  relative  age  of  deposits ; 
and  this  assistance  will  be  found  where  it  is  much  wanted,  in  rocks 
of  which  the  study  is  rendered  difficult  from  the  destruction  of  other 
evidence  by  metamorphic  action. 

The  next  point  to  which  I  wish  to  call  attention  is  the  conformity 
between  the  arrangement  of  the  cleavage  planes  at  the  Col  du  Bon- 
homme, and  that  of  the  folia  of  the  gneiss  of  Mont  Blanc;  the 
section  of  the  cleavage  plwes  gives  the  same  fan-shaped  figure  as 
that  of  the  gneiss,  and  tins  on  exactly  the  same  line  of  strike;  for  the 
plane  of  vertical  foliation  which  cuts  the  summit  of  Mont  Blanc, 
produced  along  its  strike,  coincides  with  that  of  the  vertical  cleavage 
of  the  Bonhomme ;  and  in  the  Col  de  la  Seigne,  a  Uttle  east  of  my 
section,  imother  plane  of  vertical  cleavage  corresponds  to  the  eastern 
plane  of  vertical  foliation  of  the  Mont  Blanc  chain.  Or,  if  instead 
of  fixing  our  attention  on  the  fan-shaped  structure,  which  has  too 
exclusively  occupied  all  Swiss  geologists  from  Saussure  downwards, 
we  look  to  the  arches  or  anticlinal  axes,  we  find  that  the  anticlinal  of 
cleavage  planes  of  Nant  Bourant  on  the  west  of  the  Bonhomme  cor- 
responds to  that  of  the  valley  of  Chamonnix ;  and  the  anticlinal  on 
the  east  between  the  Bonhomme  and  Chapieux  to  the  central  anti- 
clinal axis  of  Mont  Blanc.  This  not  mere  conformity  of  direction 
and  position  of  the  planes  of  cleavage  and  foliation,  but  actual  con- 
tinuation of  the  same  divisional  planes  along  arches  or  anticlinals 
having  the  same  axis,  appears  to  me  conclusive  proof  that  the  clea- 
vage of  the  slate  and  foliation  of  the  gneiss  and  schists  are  portions 
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of  one  great  operation,  of  which  we  must  carefnilj  study  the  effects, 
before  we  can  nope  to  learn  its  causes  or  nature. 

Let  us  now  turn  to  the  line  of  valleys,  which,  under  the  names  of 
the  A116e  Blanche  and  the  Val  Ferret,  bounds  the  eastern  side  of  the 
Mont  Blanc  range.  The  western  side  of  the  All^  Blanche  is  in  a 
great  measure  masked  by  the  enormous  moraines  of  the  great  glaciers 
which  descend  from  Mont  Blanc,  and  the  yarious  interesting  phteno- 
mena  connected  with  these  somewhat  distracted  my  attention  from 
the  geology  of  the  yalley;  but  I  sketched  the  section  shown  in 
fig.  2,  on  the  west  or  Mont  Blanc  side  of  the  yalley,  a  httle  above 

Fig.  2. 


Slate. 


Calcareouf 
oonglomente. 


Slstj]  Slate. 


the  Lac  de  Combal.  Slates  of  various  characters  rest  conformably 
on  a  bed  of  calcareous  conglomerate,  in  which  the  cleavage  is  veir 
obscure;  this  rests  on  a  thick  formation  of  slaty  limestone,  with 
mica  lying  on  the  planes  of  cleavage.  The  beds  aU  dip  conformably 
to  the  S.£.  at  about  the  angle  of  20^,  and  are  conseauently  resting 
upon  the  gneiss  of  Mont  Blanc.  The.  cleavage  strikes  N.  25°  E., 
dipping  near  the  mountain  towards  the  £.  25°  S.  at  high  angles,  but 
IS  vertical  in  the  limestone  at  the  side  of  the  valley ;  this  is  on  the 
line  of  the  western  axis  of  vertical  foliation  of  the  gneiss  of  Mont 
Blanc,  and  connects  that  line  with  the  vertical  cleavage  of  the  Col  de 
la  Seigne  *.  These  beds  doubtless  belong  to  the  Jurassic  series  of  the 
Col  du  Bonhomme,  and  may  owe  their  more  metamorphic  character 
to  their  proximity  to  the  gneiss;  they  cross  the  valley  near  the 
chi^l ;  tney  are  probably  separated  from  the  gneiss  by  a  metamor- 
phic siliceous  slate,  which  is  seen  on  the  west  side  of  the  valley  below 
the  Ghuder  de  I'All^e  Blanche. 

I  examined  the  Piedmontese  Yal  Ferret  rather  more  in  detail ;  the 
position  of  the  rocks  on  the  north  side  of  the  Col  Ferret  is  shown  in 
Sect.  3,  PI.  I.     A  thick  bed  of  quartz  rock  rests  upon  the  gneiss  at 

*  Sanware,  $  845,  mentions  two  pyiramidal  hilla  of  a  similar  micaceous  lime- 
stoDe  near  the  head  of  the  AH^  Blanche  with  highly  inclined  beds ;  he  doubtless 
mistook  the  deavage  planes  for  the  stratification. 
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an  angle  of  60°  or  70° ;  it  is  irregalarlj  jointed,  but  nei&er  bedding 
nor  cleavage  can  be  distinguisbed  in  it.  On  tbis  lests  a  series  of 
sligbtly  twisted  beds  of  dark  slates,  some  of  tbem  calcareous,  otbers 
of  a  more  siliceous  nature  and  witb  some  subordinate  beds  of  slaty 
sandstone,  dipping  E.NIE.  60° ;  at  the  Petit  Ferret  the  beds  form  a 
synclinal  axis,  up  wbicb  the  footpath  runs.  From  this  point  to  the 
road  up  the  Grand  Ferret,  the  slates  dip  N.W.  40°,  but  on  the  south 
side  of  that  pass  they  dip  N.E.  50°*.  The  anticlinal  seen  at  the 
Grand  Ferret  is  the  continuation  of  the  anticlinal  axis  mentioned  by 
Professor  Forbes,  op.  cit.  p.  211,  which  runs  down  the  whole  of  this 
▼alley,  and  is  continued  for  a  short  distance  in  the  lower  part  of  the 
A\l6e  Blanche. 

The  cleavage  planes  are  wavy,  but  on  the  whole  vertical  between 
the  two  passes ;  on  the  western  side  of  the  Petit  Ferret  they  dip 
E.  75°,  meeting  the  folia  of  the  gneiss  of  Mont  Dolent  in  a  steep 
anticlinal,  which  is  the  continuation  of  the  axis  of  cleavage  which 
runs  down  the  valley,  a  turn  of  the  valley  having  here  separated  the 
axis  of  cleavage  from  that  of  the  strata,  which  coincide  lower  down 
the  valley.  As  the  arrangement  of  the  cleavage  planes  is  here  very 
nearly  in  harmony  with  that  of  the  district,  we  may  infer  that  the 
beds  have  been  very  little  disturbed  since  their  lamination. 

For  several  miles  down  the  valley  there  are  no  stratified  rocks  on 
the  western  side,  which  is  bounded  by  a  steep  wall  of  gneiss,  whose 
foliation  dips  towards  the  great  chain  about  60° ;  the  strike  at  the 
head  of  the  valley  is  N.  or  N.  10°  E. ;  but  lower  down  it  follows  the 
prevailing  direction  of  this  district,  N.  30°  E.  On  the  east  side  of 
the  valley  the  slates  dip  steadily  about  N.N.E.  50°. 

In  the  lower  part  of  the  valley  a  copsiderable  mass  of  slate  rocks 
lies  on  the  west  side  of  the  valley,  forming,  a  low  shoulder  to  the 
great  chain ;  the  beds  all  dip  towards  the  sneiss,  forming  an  anticlinal 
axis  with  the  slates  on  ^e  opposite  side  of  the  valley.  Their  position 
is  shown  in  Section  4.  I  climbed  the  ravine  which  bounds  Mont 
Frety  on  the  north  side  of  the  village  of  Entr^ves  far  enough  to 
satisfy  myself  that  the  slates  rest  against  a  steep  wall  of  gneiss. 
Saussure  tells  us  that  he  spent  a  day  in  the  examination  of  the 
junction  of  the  schists  with  the  gneiss ;  he  says,  §  872,  ''Les  couches 
s'appuyent  contre  la  montagne;"  §  874,  "Onyoit  toujours  des 
schists  appliqu^  contre  la  base  des  montagnes  primitives." 

I  was  glad  to  find  on  my  return  that  my  view  of  the  relative  posi- 
tions of  the  gneiss  and  slates  of  Yal  Ferret  was  thus  confirmed  by 
the  testimony  of  Saussure,  since  it  is  in  direct  contradiction  to  the 
account  given  by  Prof.  J.  Forbes,  who  throughout  his  11th  chapter 
repeatedly  asserts  that  the  granite  overhes  the  limestone  on  the  west 
side  of  the  Val  Ferret,  especially  mentioning  the  limestone  beds  of 
Mont  Frety  as  exhibiting  this  superposition,  pp.  210,  212,  222,  and 
246  f.      I  can  only  conclude  that  this  <hp  of  the  bed[s  of  slate 

*  Prof.  J.  Forbes,  op.  cit,  p.  246,  calls  all  these  beds,  as  well  as  all  the  secondary 
beds  of  the  Val  Ferret,  limestone.  They  are  principally  clay-slates  with  some 
subordinate  calcareous  beds.    Saussure  describes  them  minutely,  %  862  and  872. 

t  Professor  A.  Sismonda  also  asserts  that  the  protogine  covers  the  calcareous 


Digitized  by 


Google 


1854.]  SHARPS — STRUCTURE  OF  MONT  BLANC.  23 

towards  the  gneiss,  coinciding  in  direction  with  the  dip  of  the 
planes  of  foliation  of  the  gneiss  itself,  has  led  our  distmguished 
countryman  to  a  belief  in  the  actual  superposition  of  the  gneiss  over 
the  slates. 

The  same  Section,  No.  4,  PI.  I.,  shows  the  position  of  the  beds  of  the 
southern  extremity  of  the  Montagne  de  la  Saxe,  as  they  are  seen  on 
the  road  from  Entrdves  to  Courmayeur.  The  upper  bleds  consist  of 
metamorphic  semi-crystalline  slate,  dipping  E.S.E.  50^,  and  resting 
conformably  on  a  series  of  black  slates  with  the  same  dip.  The 
mineral  waters  of  La  Saxe  rise  at  the  junction  of  these  two  slate  for- 
mations. Prof.  J.  Forbes  describes  these  beds  as  granite  resting 
upon  limestone,  p.  211,  and  his  section,  p.  210,  shows  a  thick  mass 
of  granite  overlyine  limestone  at  an  angle  of  50^.  I  did  not  observe 
any  calcareoiis  beds  in  the  lower  slates,  nor  are  they  mentioned  by 
Saussnre,  who  describes  the  beds  in  detail,  §  881.  But  M.  Studer 
has  observed  them  to  consist  of  black  slate  and  limestone,  vol.  i. 
pp.  173  and  383,  and  Section,  p.  175.  The  upper  series,  howerer, 
IS  undoubtedly  a  slate,  with  distinct  bedding  and  cleavage,  both  con- 
formable to  those  of  the  beds  below.  M.  Studer  terms  it  Feldspath- 
Sehiefer ;  Saussure  calls  it  une  rochefeuiUetSe,  quartz  et  mtcaf. 

The  last-mentioned  beds  abut  against  a  mass  of  rock  of  a  more 
crystalline  character,  which  must,  I  think,  be  considered  gneiss ;  it 
forms  a  low  hill,  reaching  from  the  village  of  La  Saxe  to  Courmayeur. 
The  foliation  of  this  mass  is  vertical,  but  ill-defined ;  the  cleavage  of 
the  slates  between  La  Saxe  and  Val  Ferret  dips  £.  40°  S.,  at  angles 
diminishing  from  85°  to  75°,  as  we  recede  from  the  gneiss.  Thus 
the  planes  of  cleavage  and  the  beds  both  form  an  anticlinal  with  a 
common  axis  on  the  line  of  the  Yal  Ferret,  but  with  different  deerees 
of  inclination,  and  the  foliation  of  the  gneiss  of  the  eastern  side  of 
the  chain  of  Mont  Blanc  forms  part  of  the  same  anticlinal  arrange- 
ment, showing  us  that  the  elevation  of  the  beds  of  Val  Ferret  to 
their  present  position  was  contemporary  with  the  elevation  of  Mont 
Blanc ;  for  any  subsequent  elevation  of  uie  beds  would  have  disturbed 
the  symmetry  of  the  cleavage  planes,  as  has  been  the  case  in  the 
valley  of  Chamounix. 

Instead  of  crossing  the  Col  Ferret  and  thus  keeping  close  round 
the  chain  of  Mont  Blanc,  I  turned  down  the  valley  of  Aosta  and 
returned  to  Martigny  by  the  Great  St.  Bernard.  Sect.  4,  PI.  I.,  shows 
the  position  of  the  rocks  as  far  as  Aosta,  but  being  drawn  from  the 
road,  the  western  portion  was  taken  on  the  north  side  of  the  valley, 
the  eastern  end  beyond  the  bridge  of  Escutira  on  the  south  side. 

beds  at  Pra  Sec  in  the  Val  Ferret.  Memoria  sai  Terreni  stratificati  delle  Alpi, 
p.  12. 

*  Samaore  adds  below,  $  881,  *'  VoiU  done  des  roches  regard^  comme  primi- 
tbes,  qui  reposent  sur  nn  genre  de  pierre  unanimement  regard^  comme  secon- 
daiie.  Ces  d^ominations  de  primitiyen  et  de  secondaires  aont-elles  fantives,  on 
bien  oette  superposition  monstrueuse  des  rocbes  primitives  sur  les  secondaires 
aerait-eUe  Teffet  d'un  boulerersement  ?  C'est:  ce  que  }e  n'oserais  point  encore 
d^der."  We  escape  ^m  the  horns  of  this  dilemma  by  answering  that  the  upper 
rode  is  not  primitive  but  secondary. 
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The  cleavage  planes  form  a  succession  of  arches  or  antidinals,  one  of 
which  is  disturbed  by  eruptive  felspathic  rocks  near  Livrogne*,  which 
also  distort  the  slates  and  alter  their  mineral  character  in  the  neighbour- 
hood. For  almost  twelve  miles  from  Val  Ferret,  nearly  to  Livrogne, 
the  beds  all  dip  eastward,  presenting  an  enormous  succession  of 
slates,  which  probably  include  the  Anthraxiferous  series,  the  Lias, 
and  the  lowest  portion  of  the  Jurassic  beds.  From  ihe  general 
resemblance  of  these  slates,  the  rarity  of  organic  remains  in  them,  and 
their  deceptive  mineral  characters,  dependent  on  their  d^^ree  of 
metamorphism,  I  fear  that  it  will  be  long  before  our  Swiss  colleagues 
succeed  in  reducuig  them  to  intelligible  arrangement. 

Section  1,  from  St.  Maurice  to  SembrancUer,  following  first  the 
valley  of  the  Rhone,  then  that  of  the  Drance,  in  both  of  which  the 
rocks  are  for  the  most  part  well  exposed,  shows  us  their  relations  a 
Httle  north  of  the  chain  of  Mont  Blanc,  and  is  most  instructive  with 
reference  to  the  connexion  between  the  cleavage  of  the  slates  and  the 
foliation  of  the  crystalline  rocks.  Commencing  on  the  north-west, 
there  is  an  anticlinal  axis  between  St.  Maurice  and  Miville,  formed 
partly  of  the  cleavage  of  the  lower  Jurassic  slates,  partly  of  the  folia 
of  the  mica-schist,  bounded  eastward  by  a  line  of  vertical  foliation 
near  Miville,  which  is  probably  a  continuation  of  the  line  of  vertical 
cleavage  of  Mont  Buat.  A  second  anticlinal  axis,  very  narrow  and 
steep,  occurs  at  the  Pissevache,  and  a  third  at  the  valley  of  the  Trient, 
both  of  which  combine  the  planes  of  cleavage  and  foliation.  A  fourth 
anticlinal  is  seen  in  the  foliation  of  the  mica-schist  at  Martigny, 
which  is  the  continuation  of  that  of  the  valley  of  Chamouniz.  A 
fifth  anticlinal  occurs  between  Bovemier  and  Sembranchier,  com- 
bining the  foliation  of  the  mica-schist  with  the  cleavages  of  the  slates; 
this  is  the  continuation  of  the  central  anticlinal  axis  of  Mont  Blanc. 
This  section  ends  here,  but  the  Val  d'Aosta  section.  No.  4,  PI.  I., 
shows  a  continuation  to  the  eastward  of  the  same  arrangement  of  the 
cleavage-planes  in  antidinals  or  arches. 

The  various  sections  referred  to  as  Nos.  1-5,  PI.  I.,  are  drawn  on 
parallel  lines  across  the  chain  of  Mont  Blanc,  mih  the  view  to  show  the 
connexion  between  them ;  each  anticlinal  has  the  same  number  in  every 
section;  and  each  line  of  vertical  cleavage,  or,  in  the  language  of  the 
Swiss  geologists,  each  fan-shaped  arrangement  of  the  planes  is  marked 
by  the  same  letter,  commencing  in  each  case  on  the  western  side. 

In  chapter  48,  devoted  to  the  valley  of  the  Bhone  from  St.  Mau- 
rice to  Martigny,  Saussure  describes  all  the  slate-rocks  as  vertical,  or 
inclined  only  a  few  degrees  from  the  perpendicular  f ;  having  takoi 
the  planes  of  cleavage  for  those  of  bedding,  and  regarded  the  bedding 
as  a  series  of  parallel  joints ;  and  this  not  from  inadvertence,  for  after 
a  careful  description  and  comparison  of  the  two  sets  of  divisional 
planes,  he  decides  that  the  more  vertical  ones  are  the  couches  or 
planes  of  bedding,  the  more  horizontal  ones  fentes  or  joints ;  and 
that  the  whole  mountains  have  been  raised  from  a  horizontal  to  their 

*  See  Studer,  vol.  i.  p.  205,  and  note,  p.  ]5,  ante. 
t  These  slates  are  shown  in  my  Section,  No.  1,  PI.  I. 
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present  yertical  pofiitioii,  §  1049, 1050,  1065.  The  same  syBtematic 
error  nuu  throughont  the  whole  of  Sanssnre's  Tolumes ;  wherever 
slates  occur,  their  cleavage  is  almost  invariably  represented  as  strati- 
fication. Had  this  error  died  with  its  author,  it  would  not  now  be 
necessary  to  expose  it,  but  unfortunately  it  has  taken  deep  root  in 
Switseriand,  and  is  to  be  found  in  the  most  modem  seologiod  works, 
kading  to  accounts  of  perpendicular  beds  in  many  wghtly-disturbed 
districts. 

Saussure  arrived  at  his  conclusion  by  the  following  process,  which 
shows  the  accuracy  of  his  observations,  which,  even  when  his  con- 
clunons  are  erroneous,  are  always  trustworthy  and  instructive.  He 
starts  with  this  axiom,  frequently  stated  in  different  terms :  ^'  Les 
pierres  feuiDet^,  de  quelque  nature  qu'elles  soient,  out  constamment 
leurs  coaches  paraDMes  ^ leurs  feuillets."  $  1287,  also  2326.  This, 
when  applied  to  crystalline  rocks,  such  as  gneiss,  mica-schist,  &c.,  is 
perfectly  true ;  their  principal  divisional  plimes  are  invariably  parallel 
to  the  plates  or  feuiUeU  of  mica  or  talc ;  so  that  the  direction  of  the 
foliation  may  be  seen  either  in  the  arrangement  of  the  mica  in  a  hand 
specimen,  or  in  the  apparently  parallel  divisional  planes  which  intersect 
whole  ranges  of  mountains.  But  b^  the  term  couches,  Saussure 
implies,  as  he  expressly  tells  us,  stratified  beds  formed  d  materials 
Boooessively  deposited  from  a  fluid,  §  1882,  2314,  including  in  stra- 
tified rocks  GramU  veinds,  gneiss,  and  schists  primitive  and  secondary, 
and  therein  he  confounded  the  stratification  of  sedimentary  deposits 
with  the  foliation  produced  by  ciTBtalline  agency. 

The  next  step  follows  necessanly  from  these  premises :  finding  in 
many  slates  that  the  cleavage-planes  are  lined  with  plates  of  mica  or 
talc,  Saossuxe  concludes  that  tnese  planes  represent  the  true  bedding 
of  the  rock  ;  and  thus  he  is  led,  by  a  remorseless  adherence  to  his 
principles,  to  represent  most  of  the  slate-rocks  visited  as  standing 
perpendicularly  on  end,  until,  as  he  himself  tells  us  in  §  1050,  he  was 
accused  of  seeing  vertical  beds  in  every  mountain. 

It  is  remarkable  that  Saussure  was  led  into  this  error  from 
observing  the  analogy  between  the  foliation  of  the  schists  and  the 
deavage  of  the  slates ;  this  analogy  was  afterwards  forgotten  until 
Darwin  convinced  himself  that  gneiss  and  mica-schists  were  not 
stratified,  by  a  process  of  reasoning  similar  to  that  of  Saussure,  but 
built  on  a  correct  foundation.  Coupling  the  now  well-ascertained 
fact  that  the  planes  of  cleavage  of  slate  are  not  due  to  stratification 
with  his  observation  that  those  planes  are  analogous  to  the  planes 
of  foliation  of  gneiss  and  mica-schist,  he  drew  the  true  conclusion 
that  the  foliation  has  no  reference  to  stratification*  •  Saussure  was 
at  least  consistent  in  his  error,  which  he  arrived  at  from  building 
correct  reasoning  upon  an  unsound  basis  :  but  no  such  compliment 
can  be  paid  to  the  English  geologists,  who,  after  correctlv  distinguish- 
ing deavafe  planes  nrom  stratification,  still  continuea  to  dass  the 
fouation  of  crystalline  rocks  with  the  latter  instead  of  the  former ; 
thus  proposing  to  unite  two  pheenomena  of  totally  different  origin, 

*  DarwiD,  Geological  Observations  on  South  America,  chap.  vi. 
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while  they  separated  those  which  are  really  analogous,  and  probably 
due  to  one  and  the  same  cause. 

I  have  already  alluded,  p.  12,  to  one  most  remarkable  feature  in 
the  structure  of  this  district,  that  the  crystalline  rocks  are  most 
massive  where  their  foliation  is  yertical^  and  become  more  and  more 
schistose  as  its  dip  recedes  froixi  the  perpendicular.  This  was  weU 
described  by  Saussure,  .§l  677,  &c.,  and  has  struck  every  observer 
who  has  followed  him.  This  structure  is  the  reverse  of  wLat  occurs 
in  the  Hiffhlimds  of  Scotland,  where  I  pointed  out  that  the  foliation 
is  usually  least  marked  where  the  angles  of  inclination  are  slight,  and 
most  complete  where  the  gneiss  is  perpendicular  or  his^hly  inclined*. 
Nor  is  this  structure  universal  in  Switzerland :  it  holds  good  in  the 
chains  of  the  Aiguilles  Rouges,  Mont  Blanc,  the  Finsteraarhom,  the 
St.  Gothard,  Mont  Combin,  and. the  Dent  Blanche  ;  in  which  there 
is  also  a  strong  mineral  resemblance,  all  partially  consisting  of  proto- 
gine.  But  the  contrary  structure  is  found  in  the  great  range  of 
crystalline  rocks  which  extend  from  Monte  Rosa  through  the  canton 
of  Ticino  :  there,  as  in  Scotland,  the  centres  of  the  arches  of  foliation 
consist  of  rock  as  compact  as,  and  frequently  more  so  than  their  flanks. 

This  difference  of  structure  produces  a  corresponding  difference  in 
the  physical  features  of  the  two  great  chains  of  tbe  Alps:  around 
Mont  Blanc  and  the  Bernese  Alps  the  axes  of  foliation  and  cleavage 
run  alone  deep,  and  narrowvalleys,  and  the  harder  rock,  haviiig  its 
divisional  planes  vertical,  or  nearly  so,  stands  out  in  sharp  peaks  or 
Aiguilles,  often  bounded  by  mural  precipices ;  in  the  southern  range 
from  Monte  Rosa  to  the  Lago  Maggiore,  the  central*  arches  of  folia- 
tion are  broad  and  elevated^  constituting  a  large  part  of  the  chain, 
which  has  no  longitudinal  valleys  of  importance  on  the  line  of  the 
strike  of  the  foliation,  and  the  mountains  are  usually  more  striking 
from  their  inassive  grandeur  than  from  the  elegance  of  their  outline. 
But  I  ^rill  not  now  pursue  this  subject  further,  as  I  hope  to  have 
opportunities  of  following  it  more  e£rectually  in  future. 

Should  any  geologists  be  disposed  to  test  in  the  country  here 
described  the  accuracy  of  the  observations  relating  to  cleavage  and 
foliation  contained  in  this  memoir,  or  to  follow  out  the  same  subject 
in  other  districts,  let  them  recollect  that  there  are  everywhere  minor 
local  irregularities  arising  from  various  disturbing  agencies,  which 
must  be  overlooked,  lest  in  overwhelming  themselves  with  details, 
they  lose  the  power  of  obtaining  general  views  of  phaenomena  which 
extend  over  many  hundred  miles :  Saussure,  who  was  a  minute 
observer  where  minuteness  was  required,  but  who  knew  when  to 
dispense  with  it,  has  lefl  us  the  following  warning,  **  ce  n'est  pas  avec 
des  microscopes  qu'il  faut  observer  les  montagnes,''  §  1882. 

*  Philosophical  Transactiont,  1852,  p.  447. 
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EXPLANATION  OF  PLATE  I, 

Ifaji  and  Seetians  to  iUustrate  Mr.  D.  Sharpens  Paper  on  the 
neighbourhood  of  Mont  Blanc. 

The  object  of  the  Map  and  Sections  being  to  show,  the  direction 
of  the  planes  of  foliation  and  cleavage,  onlj  the  principal  geological 
featores  are  represented,  and  four  colours  employed. 

The  Yellow  represents  all  the  unstratified  foliated  rocks ;  includmg 
Grneiss,  Protogine,  Mica  Schist^  and  Talc  Schist. 

The  Purple  represents  the  stratified  Slates ;  including  all  the  stra- 
tified deposits  intersected  bj  slaty  cleavage. 

The  Blue  represents  the  beds  of  Jurassic  Limestone,  which  are  free 
from  cleavage. 

The  Crimson  shows  the  intrusive  igneous  rocks  of  more  modem  date 
than  the  cleavage. 

The  Black  lines  on  the  Map  indicate  the  strike  or  direction  of  the 
planes  of  foliation  ana  cleavage ;  where  they  cross  the  rocks 
coloured  yellow,  they  represent  t^e  foliation ;  where  they  cross 
the  purple  colour,  they  show  the  cleavage.  These  lines  are 
double  where  the  foliation  or  cleavage  is  vertical,  single  along 
the  central  axis  of  an  arch  or  anticlinal  of  foliation  or  cleavage. 
The  angles  of  inclination  of  the  planes  along  the  axes  and  between 
the  axes  and  the  vertical  planes  can  be  learned  from  the  sections, 
as  the  scale  of  the  Map  is  too  small  to  admit  of  the  intervening 
planes  being  laid  down.  The  lines  are  dotted  where  they  have 
not  been  actually  observed,  but  their  direction  has  been 
inferred  either  by  continuing  them  from  the  localities  observed, 
or  by  drawing  them  parallel  to  the  strike  of  the  intervening 
variously  inclined  planes  which  have  been  observed,  but  which 
have  not  been  laid  down  on  the  Map  from  want  of  space. 

The  ground-plan  of  the  Map  is  copied  from  the  one-sheet  mim  of 
the  kingdom  of  Sardinia,  reduced  by  Audriveau-Goujon  of  Paris  m>m 
the  larger  official  map. 

The  Sections  Nos.  1  to  5  are  drawn  on  parallel  lines  across  the 
chain  of  Mont  Blanc,  No.  1  lying  most  to  the  North,  No.  5  most  to 
the  South,  and  their  directions  are  indicated  by  lines  on  the  Map, 
marked  §  1  to  §  5.  They  are  all  nearly  on  the  same  scale,  with  the 
height  somewhat  exaggerated :  the  dotted  lines  represent  the  planes 
of  foliation  and  cleavage.  Each  line  of  vertical  planes  of  foliation  and 
cleavage  is  marked  by  the  same  letter,  and  each  anticlinal  of  those 
planes  by  the  same  number ;  thus  all  the  points  marked  alike  are  on 
the  same  line  of  strike,  and  the  lines  on  the  Map  are  similarly  marked. 


2.  On  the  Occurrence  of  Glacial  Traces  on  the  Rock  of  Dum- 
barton. By  Capt.  L.  Brickendsn,  F.G.S.,  of  Dumbarton 
Castle. 

As  the  very  peculiar  and  remarkable  positions  in  which  glacial  strise 
and  abrasions  are  sometimes  observdl  on  the  surface  of  rocks  in 
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Scotland  may  tend,  if  carefiiUy  examined,  to  explain  the  particular 
mode  in  which  such  phaenomena  have  heen  produced,  it  is  prohahle 


Figs.  1>  2,  &  3. — Sections  and  Plan  of  Dumbarton  Rock,  showing 
the  position  and  direction  of  the  Glacial  Stria. 

Fig.  1. — Tranwene  Section  qf  the  Rock  qf  Dumbarton^  made  m  the  direetiom  qf 
the  Fitture  which  rwM  through  its  centre  from  North  to  South, 


a.  Western  side  of  fissure  on  which  the  Stria  are  chiefly  seen. 

b.  Line  supposed  to  indicate  the  former  depth  of  the  fissure,  now  filled  op 

to  form  the  base  of  the  buildings  and  barrack-yard. 

Fig.  2. — Jjmgitudxnal  Section  qfthe  Rock,  showtng  the  inclination  qfthe  Uneg  qf 
fracture,  and  the  corresponding  incUnation  qf  the  sides  qf  the  Fissure, 


a.  Western  or  overhanging  side,  on  the  surface  of  which  Tery  distinct  glacial 
traces  are  seen. 

b.  Eastern  side,  on  the  upper  part  of  which  Striae  are  seen. 

c.  Lower  part  supposed  to  have  been  artificially  removed. 

d.  Steps. 
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that  the  oocurrenoe  of  glacial  traces  beneath  an  overhanging  rock 
bordering  a  fissure  at  Dumbarton  Castle  is,  amongst  others,  worthy 
of  being  recorded. 

The  hard  whinstone,  which  here  rises  up  abruptly  from  the  allu- 
vial shores  of  the  River  Clyde,  exhibits  in  a  very  interesting  and 
beautiful  manner  the  crystalline  and  prismatic  structure  peculiar  to 
such  trappean  effusions,  but  the  lines  of  fracture  or  divisional  planes 
of  the  Rock  of  Dumbarton  are  observed  to  incline  generally  at  an 
angle  of  about  70°,  giving  to  the  Rock  on  one  of  its  sides  a  rather 
precipitous  and  overhanging  appearance.  The  effect  of  denudation 
or  abrasion  has  therefore  b^  to  wear  or  score  it  in  certain  parts  into 
fissures,  the  sides  of  which  have  a  parallel  inclination ;  and  across 

Fig.  Z,r—Plan  qfthe  Roci  qf  Dumbarton  Castle, 


a.  Fissure. 

the  centre  of  the  Dumbarton  Rock  there  is  one  of  considerable  depth, 
dividing  the  hill  into  two  parts  or  summits,  as  shown  in  fig.  2. 

It  is  on  the  sides  of  this  fissure,  which  now  forms  a  passage,  and 
the  only  mode  of  approach  to  the  buildings  on  the  Rock,  that  striae 
and  abrasions  are  observed,  which  constitute  the  subject  of  this  notice. 

The  fissure  intersects  the  Rock  from  south  to  north,  pointing 
directly  up  the  valley  of  the  Leven,  through  which  in  the  distance 
appears  the  lofty  summit  of  Ben  Lomond.  .  The  wall  of  rock  on  the 
left  hand  or  western  side  of  the  fissure  about  midway  up  the  ascent. 
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inclines  oyer  the  passage  at  an  angle  of  about  70^,  which  is  the  pre- 
vailing inclination  of  the  columnar  diyinons  of  the  whinstone,  and 
chiefly  here  on  its  very  hard  and  durable  surfiux  are  seen  engrayed, 
yery  distinctly,  furrows  and  striae;  indicating  the  full  force  of  the  pro- 
pelhng  agent  and  its  instrumentality,  whatever  that  may  have  been, 
m  the  most  contracted  and  cavernous  part  of  the  fissure.  On  the 
opposite  or  eastern  side  it  appears  that  the  rock  has  been  artificially 
removed  at  some  time  for  the  purpose  of  widening  the  passage,  whidi 
even  now  does  not  exceed  10  feet  in  width ;  but  on  tne  upper  part 
very  well-defined  scratches  are  seen  to  maintain  a  direction  corre- 
sponding to  those  on  the  western  side.  The  striae  are  not  horizontal, 
but  run  in  lines  nearly  conformable  to  the  dechvity  of  the  passage. 
As,  however,  these  striae  are  seen  on  an  impending  sur&ce  of  rock, 
nothing  can  be  learnt  from  them  as  to  the  precise  point  by  compass, 
irom  wnich  the  abrading  agent  may  have  proceeded ;  and  all  that 
we  can  now  perceive  of  its  action  is  that  which  was  confined  within 
the  narrow  fissure,  into  the  northern  entrance  of  which  it  had  intruded 
itself.  That  part  of  the  Bock  on  which  these  abrasions  are  seen 
stands  above  the  Clyde  at  an  elevation  of  about  150  feet,  and  above 
this  the  Rock  rises  precipitously  about  an  equal  number  of  feet  to  its 
highest  point. 

In  the  accompanying  sketches  (figs.  1, 2, 3)  are  shown,  by  transverse 
and  longitudinal  sections,  the  form  and  dimensions  of  the  fissure, 
both  as  it  now  is,  and  as  it  probably  appeared  previous  to  the  period 
of  human  history. 

The  Bock  of  Dumbarton  rears  its  bold  iront  immediately  in  the 
central  line  of  the  valley  of  the  Leven,  through  which  the  small 
river  of  the  same  name  flows  in  its  meandering  and  alluvial  channel 
from  Loch  Lomond  to  the  Clyde ;  and  it  must  at  all  times  have  pre- 
sented a  direct  barrier  or  obstruction  to  whatever  has  descended  in 
that  channel  from  its  highland  source. 

At  the  foot  of  the  Bock  on  its  northern  side  a  strong  tenacious 
day,  evidently  belonging  to  the  boulder-formation,  descends  beneath 
the  level  of  the  tide ;  this  is  in  a  great  measure  obscured  by  a  talus ; 
and  at  a  short  distance  from  the  Bock  it  is  covered  by  the  alluvial 
deposits  of  subsequent  periods.  But  in  this  boulder  clay  we  recog- 
nize the  remains  of  that  extensive  slacial  detritus  which  at  the  con- 
clusion of  the  epoch  of  its  accumuUition  very  probably  existed  to  a 
great  depth  in  this  part  of  the  Leven  Valley,  and  more  particularly 
where  its  transport  would  be  arrested  by  the  abrupt  escarpment  of 
the  Bock. 
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November  29,  1854. 

The  fbllowmg  commnnications  were  read :— - 

I.  On  a  Pterichthys y^om  the  Old  Red  Sandstone  ^ Moray. 
By  Captain  L.  Brickenden,  F.6.S.* 

(Abstract.) 

This  coiiimimication  had  reference  to  a  spedes  of  Pteriehthys,  re- 
markable for  its  great  size  (estimated  hj  the  author  at  25  inches  [ave- 
rage] in  lengthy  and  6  inches  in  breadth),  and  its  peculiarly  orna- 
mented and  wrinkled  surface.  The'  paper  was  illustrated  by  drawings, 
in  which  the  author  had  made  a  conjectural  restoration  of  the  external 
bony  armour  and  the  lateral  appendages  of  the  fish,  from  the  nu- 
merous characteristic  fragments  that  he  had  obtained  in  the  upper 
division  of  the  Devonian  strata,  chiefly  from  the  Yale  of  Rothes. 

The  central  dorsal  plate  of  this  species  has  some  resemblance  to, 
but  is  much  larger  than  Agassiz's  figure  (Poiss.  V.  G.  R.  pi.  30*. 
figs.  17,  18)  of  the  specimen  referred  by  him  to  Coccatteus,  but 
more  lately  by  Sir  P.  Egerton  and  Hugh  Miller  to  Pterichthys  (Quart. 
Joum.  Greol.  Soc.  vol.  iv.  p.  310, 31 1) ;  and  the  jointed  side-spines 
CT  "  cephalic  oars"  resemble  those  referred  by  Agassiz  to  the  P.  major, 
but  belong  to  a  very  much  larger  fish. 


2.  On  the  Gold-bearing  District  of  Coromandel  Harbour, 
New  Zealand.  By  Charles  Heaphy,  Esq.,  Commissioner  of 
Gold  Fields*. 

[Forwarded  by  His  Excellency  Sir  George  Grey,  and  commnnicsted  by  the 
Preaidentt.] 

Phyneal  Geography  of  the  District, — ThePeninsula  of  Coromandel 
stretches  for  about  fitly  miles  in  a  general  direction  of  N.  30°  W. 
and  S.  30°  £.,  and  is  the  northern  extremity  of  a  high  ranse  which 
extends  from  a  mountainous  centre  near  the  Taupe  Lake  and  Bdiling 
Springs  in  the  interior  of  the  Northern  Island  of  New  Zealand.  The 
peninsula  forms  the  eastern  shore  of  the  Frith  of  the  Thames,  on 
the  western  coast  of  which,  about  forty  miles  distant,  the  Settlement 
of  Auckland  is  situated. 

The  peninsula  varies  in  breadth  from  four  to  twenty-two  miles, 
and  is  mountainous  in  its  whole  extent ;  a  main  range,  but  very  little 
deflected  from  a  northerly  and  southerly  direction,  and  of  an  average 
height  of  1500  feet  (the  highest  summits  being  about  3000  feet  above 
the  sea),  runs  along  its  centre,  throwing  off  spurs  of  inferior  heights 

*  See  also  a  short  notice  of  the  gold  diggings  in  this  locality,  Quart  Joum.  Geol. 
Soe.  No.  39,  p.  322. 

t  This  communication  was  accompanied  by  a  large  map  and  landscape  sketches 
of  the  district;  the  former  with  frequent  geological  indications.  A  box  of  sped* 
( wss  also  sent,  which  are  referred  to  in  the  memoir. 
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to  the  eastward  and  westward.  Detached  hills  oocasionallj  take  the 
place  of  the  spurs,  and  the  direction  of  these  is  in  one  instance  pro- 
longed by  a  chain  of  islands  extending  in  a  line  parallel  with  the  main 
range. 

In  several  places  the  continuity  of  the  main  range  ceases,  and 
detached  hills  ^of  an  equal  height  flank  the  gap.  A  second  range, 
howeyer,  rises  *afler  the  interval  of  a  mile  or  more,  and  is  prolonged 
in  the  general  direction  of  the  first. 

On  die  western  side  of  the  peninsula  the  Harbours  of  Manaia, 
Tekouma,*  and  Coromandel  are  formed  by  the  jutting  out  of  spurs 
from  the  central  range. 

Geology  of  the  DtstricL-^ln  a  country  covered  with  so  dense  a 
forest  as  that  of  the  wooded  districts  of  New  Zealand,  and  where 
there  are  no  artificial  cuttings,  sections  showing  the  geological  struc- 
ture are  but  few ;  and  anyming  farther  than  a  slight  sketch  of  the 
geology  must  be  the  result  of  more  extensive  observation  than  time 
and  circumstances  have  yet  enabled  the  writer  to  eive  to  the  subject. 
Judging  from  what  has  actually  been  observed,  and  without  assuming 
the  existence  of  any  rock  in  a  place  in  which  it  has  not  been  seen, 
the  following  may  be  stated. 

The  predominating  rock  in  the  whole  of  the  principal  range  and 
most  of  the  subordinate  hills  appears  to  be  a  decomposing  breccia 
(Specimens  marked  A.)  * .  This  breccia,  of  which  variously-coloured 
granites  and  red  porphyry  (Specimens  A.  *)  are  the  chief  components, 
mainly  forms  the  sides  of  the  range  of  the  spurs,  together  with  the 
detached  hiUs  and  outlying  islands.  The  highest  points  of  the  main 
range,  generally  precipitous  crags,  are  of  granite  (Specimens  5.). 
Where  the  water-courses  have  cut  deep  into  the  sides  of  the  ridge, 
slate  (Specimens  C.)  is  exposed,  of  a  blue  or  dark  grey  colour,  and 
with  a  varying  dip  and  strike.  Trap  and  quartzose  veins  are  veiy 
prevalent ;  and  indications  of  copper  (Specimens  D.),  iron  (Speci- 
mens £.),  and  silver  are  common.  Quartz  veins,  of  a  breadth  from 
half  an  inch  (Specimens  J.)  to  that  of  15  feet,  traverse  the  slate  and 
breccia,  and  generally  run  in  a  direction  similar  to  the  trend  of  the 
main  range,  of  which  in  some  cases  they  form  the  crest.  Where  the 
spurs  from  the  range  follow  an  easterly  or  westerly  direction,  the 
quartz  veins  intersect  them,  still  in  parallelism  with  the  range. 

On  the  western  coast,  at  distances  of  4  and  6  miles  from  the  main 
range,  a  granite  appears,  of  a  character  somewhat  approaching  to  that 
of  gneiss,  together  with  clay-slate.  The  relation  of  these  formations 
with  the  mam  ridge  has  not  yet  been  traced. 

On  the  eastern  side  of  the  peninsula  is  an  extensive  district  com- 
posed of  indurated  pumice-sand,  which  from  the  rounded  form  of  its 
ffrains,  and  the  horizontal  position  of  its  layers,  appears  to  have  been 
deposited  below  the  sea,  and  to  have  been  subsequently  elevated. 
The  indentation  of  Mercury  Bay,  with  its  rivers,  is  the  division  be- 
tween this  formation  and  the  crystalline  rocks  of  the  main  range. 

To  the  westward,  at  a  distance  of  about  30  miles  (across  the  Thames 
Frith),  is  the  volcanic  formation  of  Auckland;  the  clay-slates  of 
*  The  spedmens  referred  to  in  the  paper  are  in  the  Society's  Collection. 
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the  Islands  of  Waiheke  and  Ponui,  howeyer,  interyening.  In  the 
Auckland  district,  in  a  space  of  ahout  20  miles  square,  may  he  counted 
thirty  or  more  extinct  or  quiescent  craters,  the  fires  of  which  appear 
to  have  hurst  up  through  horizontal  clays  and  sands,  in  which  a 
scoriaceous  ash,  m  thick  beds,  was  already  a  component  part. 

The  localities  in  which  gold  has  been  found, — Grold,  either  in  con- 
siderable quantities,  or  in  specks,  only  (Hscemible  on  carefully  wash- 
ing the  sand,  exists  in  the  beds  of  many  of  the  streams  of  the  penin- 
siSa,  Rich  deposits  are  also  found  in  the  clay  on  the  slopes  and 
spurs  of  the  chief  mountain  range. 

The  VaUey  of  the  Kapanga^  and  the  mode  of  working. — The  gold 
was  first  found  at  the  Kapanga  stream,  which,  following  a  southerly 
course  for  about  4  miles,  at  the  foot  of  the  main  range,  flows  into 
Coromandel  Harbour  on  the  western  side  of  the  peninsula. 

The  bed  of  the  Kapanga  is  rocky ;  large  boulders  of  quartz  and 
fragments  of  trap  occasionally  formmg  ''bars,"  and  causing  falls  in 
the  stream  of  2  or  more  feet  in  height.  Immediately  below  these 
''bars,"  and  on  the  side  where  during  freshets  there  is  an  eddy,  is 
the  spot  where  the  deposit  of  gold  is  the  richest.  The  diggers,  in 
parties  of  four  or  six,  with  the  aid  of  tackles  and  levers,  haul  out  the 
larger  fragments,  and  carefully  sift  and  wash  the  gravel  which  lies 
below  them.  At  a  depth  of  from  5  to  7  feet  from  the  surface  the 
"  bed-rock"  is  generally  laid  bare,  and  immediately  on  this  the  largest 
specimens  of  gold  are  found.  The  party  excavate,  in  the  manner  de- 
scribed, for  about  twentr  yards  up  the  course  of  the  stream,  to  the 
fa]] ;  then,  having  turned  the  water  into  the  hollow  so  dug,  they  con- 
tinue their  work  on  the  opposite  side  of  the  stream-bed.  In  tliis 
unscientific  manner  a  party  working  steadily  may  obtain  about  a 
quarter  of  an  ounce  per  day  per  man. 

The  banks  of  the  stream  are  steep,  and  covered,  as  in  the  whole 
mountain  range,  with  a  thick  growth  of  timber.  When  wooden 
troughs  are  made  to  conduct  the  water  along  at  a  higher  level,  and 
the  stream-bed  be  so  left  dry,  it  is  very  probable  that  the  yield  of 
gold  will  be  much  increased. 

The  gold,  however,  is  not  confined  to  the  bed  of  the  stream  ;  the 
soil  on  all  the  flats  and  banks  of  the  stream,  where  the  ravine  is  nar- 
row, yields  grains  of  gold  on  carefrd  washing.  In  one  place,  on  a 
slope  of  the  hill  about  1 50  yards  from  the  stream,  a  aeposit  was 
found  of  such  richness  as  to  yield  400/.  worth  of  auriferous  quartz 
from  the  space  of  eighty  square  yards.  There  the  gold  was  disco- 
vered in  a  small  runnel  of  water,  amongst  the  roots  of  the  trees  on 
the  surface.  Immediately  below  was  a  layer,  about  10  inches  deep, 
of  quartz-grit  (Specimens  F.),  lying  on  a  mass  of  yellow  and  blue 
day,  wliich  in  its  turn  rested  on  porphyritic  breccia  (Specimens  A.) 
at  a  depth  of  about  30  feet.  Upon  washing  the  quartz-grit  (Speci- 
mens F.),  it  was  found  to  contain  much  gold,  although  the  clay  around 
and  below  yielded  scarcely  any  trace  of  the  metal.  The  quartz  layer 
dipped  at  a  slight  inclination  in  the  direction  of  the  stream  below, 
ana  pursued  its  course  for  about  thirty  yards  on  a  wavy  plane,  at  a 
mean  depth  of  4  feet  below  the  surface. 
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From  the  admixture  of  the  quartz-grit  (Specimens  F.)  with  partly 
decayed  vegetation,  which  did  not  extend  into  the  adjacent  day,  it 
might  be  inferred  that  the  layer  had  been  the  detritus  of  the  bed  of  a 
a  small  riU,  the  hollow  of  which  had  been  filled  by  a  subsequent  slip 
of  clay  from  the  hill  aboye.  Although  the  fragments  of  auriferous 
quartz  (Specimens  G.)  in  the  layer  were  perfectly  sharp  in  their 
angles  and  presented  no  appearance  of  having  been  rolled,  yet,  on 
examining  the  rock  above,  scarcely  a  trace  of  gold  was  found.  Eighty 
feet  lower  down  on  the  hUl-side  traces  of  gold  had  also  disappeared. 
The  deposit  was  entirely  local. 

Around  the  spot  where  the  gold  lay,  and  imbedded  in  the  day, 
are  large  boulders  of  quartz  (Specimens  H.),  the  rounded  shapes  of 
which  bear  evidence  to  their  having  been  much  rolled.  Specks  only 
of  gold  are  found  about  them.  The  crystallization  of  the  quartz  (Spe- 
cimens H.)  in  these  boulders  is  more  perfect  than  in  that  containmg 
gold.  In  the  latter  (Specimens  G.)  tne  quartz  has  a  crumbling  ap- 
pearance, as  if  decomposing.  It  is  possible  that  one  of  these  boulders 
was  originally  a  fragment  m>m  an  auriferous  quartz-vein  on  the  moun- 
tain above.  Its  br^dng  up  might  have  resulted  from  frosts,  and  from 
the  action  of  the  water  of  the  hollow  into  which  it  had  rolled  on  a  stone 
rendered  less  adhesive  by  the  crossing  and  recrossing  of  scales  of  gold 
through  its  substance. 

The  gold  is  most  abundant  in  the  upper  part  of  the  valley  of  the 
Kapanga,  where  the  stream-bed  is  narrowed  in  to  a  breadth  of  about 
25  feet  by  the  steep  sides  of  the  ravine.  Lower  down,  where  the 
valley  expands,  the  gold  is  so  diffused  over  the  soil  of  the  flats  as  not 
to  pay  for  working.  In  the  mud-flat  where  the  Kapanga  flows  into 
the  harbour,  specks,  or  what  is  termed  the  "  colour,"  may  be  ob- 
tained by  careml  washing. 

The  Mataawai  Stream, — ^TheWaiau  stream  flows  from  immediately 
under  the  main  range  in  a  north-westerly  direction  to  Coromandel 
Harbour.  One  of  its  tributaries,  the  Mataawai,  intersects  the  range 
in  its  course  at  a  low  level,  and  reveals  a  dark  grey  slate-rock.  Gold, 
ramified  through  rounded  pebbles  of  ouartz  (Specimens  I.),  was 
found  in  considerable  quantities  during  tne  last  summer,  in  the  cre- 
vices of  the  slate-rock,  below  the  gravel  of  the  stream-bed.  Several 
spedmens  weighing  about  4  oz.  and  5^  oz.  were  washed,  and  one  was 
obtained  of  the  wdght  of  7f  oz.  All  the  gold  and  auriferous  quartz 
(Spedmens  I.)  in  this  stream  present  a  rounded  surface,  such  as 
would  be  caused  by  longHX>ntinued  attrition. 

The  Karaka. — ^The  Karaka  stream,  midway  between  the  Kapanga 
and  the  Mataawai,  also  partly  intersects  the  main  range,  and,  like  the 
last-named  stream,  exposes  the  grey  slate.  In  this  stream  only 
grains  of  gold  have  yet  been  found. 

Other  localities, — ^The  places  already  mentioned,  together  with 
the  granite  coast  at  Otaki  and  the  Manai  Creek,  where  gold  has  also 
been  "  prospected,"  are  on  the  western  side  of  the  main  range.  On 
the  eastern  it  exists  in  the  Arataonga  and  Makirau  valleys,  and  at 
Kuatunu,  under  Mount  Kenny,  20  miles  from  the  central  range. 
"  Prospects"  of  gold  have  also  been  washed  on  the  mountains  of  uie 
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Thames,  a  continuation  of  the  same  range,  at  a  distance  of  45  miles 
from  Ck>Tomandel. 

Relations  of  the  gold  to  its  matrix,  and  to  the  deposits  in  which  it 
is  found. — ^Where  large  quartz  houlders  appear  denuded  on  the  surface, 
gold  is  generally  found  in  the  hlack  sand  (Specimen  K.)  of  the  ad- 
jacent stream.  When  the  gold  is  found  in  clay,  it  is  generally  in  con- 
tact with  a  frannent  of  the  matrix— a  brittle  quartz,  of  a  ^7  or 
amethystine  colour.  When  found  in  the  stream,  it  is  either  m  pure 
scales  (Spedmeos  O.),  or  associated  with  a  quartz  (Specimens  I.) 
coloured  red,  apparently  by  the  oxide  of  iron.  It  is  probable  that 
this  combination  imparts  to  it  that  deffree  of  hardness  which  causes 
the  stone  to  withstand  the  crushing  action  of  the  rolline  stones  of  the 
stream-bed.  The  purer  gold  found  may  have  been  &eed  from  its 
more  brittle  matrix  by  the  attrition. 

The  gold  is  but  rarely  found  in  contact  with  the  prismatic  crystals  of 
the  quartz.  It  is  generaUy  ramified  with  but  little  regularity  through 
the  mass.  In  some  cases  where  it  lay  between  lamellar  plates  of 
quartz  it  was  the  richest.  In  larger  fragments  (Specimens  L.)  of  the 
stone  the  gold  existed  only  in  spangles  at  a  distance  of  an  inch  or 
more  apart.  From  this  and  from  other  indications  presented  by  the 
matrix,  I  infer  that  the  gold  in  a  quartz-vein  is  diffused  where  the 
vein  is  broad,  and  concentrated  where  it  is  narrow ;  the  quantity  of 
the  metal  existing  in  a  similar  length  of  the  vein  under  either  circum- 
stance being  perhaps  the  same. 

The  extent  of  the  surface  of  ground  that  has  been  dug  over  is 
about  1500  square  yards.  The  depth  from  which  the  gold  has  gene- 
rally been  taken  is  from  4  to  6  feet. 

The  total  quantity  of  gold  which  has  been  obtained  pay  be  esti- 
mated at  340  ounces,  the  chief  part  of  which  has  been  extracted  from 
an  auriferous  quartz  yielding  a  mean  of  one-third  of  its  weight  of 
metal. 

From  the  very  general  diffusion  of  small  particles  of  gold  over  the 
surface  of  the  district,  experienced  *'  Prospectors"  are  of  opinion  that 
a  large  <juantity  of  matnx-gold  exists  in  the  mountains  adjacent  to 
the  diggmgs.  The  dense  forest  and  its  tangled  undergrowth  are  great 
hindrances,  however,  to  the  exploration  of  the  country;  and  the  Uirge 
amount  of  water  which,  from  the  moist  climate  of  New  Zealand,  is 
everywhere  present,  together  with  the  looseness  of  the  rock  where 
the  gold  is  found,  have  prevented  the  examination  being  carried  to 
those  depths  where  in  the  Australian  and  Californian  Grold  Fields  the 
gold  most  abundantly  exists. 


3.  0»  Mtf  GEOLOGy  o/*Mc  Vicinity  0/ Nice. 

By  Major  Charters,  F.6.S. 

[This  Pftper  was  withdrawn  by  permission  of  the  Council.] 

(Abstract.) 

The  author,  having  first  alluded  to  the  geological  researches  of  Sir 

H.  De  la  Beche  *  in  this  district,  noticed  the  more  recent  additions 

*  Trans.  Geol.  Soc.  2nd  ser.  vol.  iii.  p.  171  «/  seq. 
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to  our  knowledge  of  the  geology  of  Nice  accruing  from  the  observa- 
tions of  the  Marquis  L.  Pareto,  Prof.  A.  Sismonda,  and  Prof.  A. 
Perez. 

The  views  of  the  last-named  gentleman  especially,  by  whom  the 
proofs  of  the  identity  of  the  divisions  of  the  cretaceous  series  in  that 
region  with  those  of  England  have  principally  been  obtained^  were 
brought  forward  by  the  author  in  this  communication. 

Prof.  Perez  has  studied  the  structure  and  succession  of  the  rocks 
of  this  district  in  great  detail,  and  accumulated  a  large  series  of 
fossils ;  but  his  only  pubhcation  on  the  subject  hitherto  has  been  a 
summary  of  his  observations,  read  before  the  Italian  Association  at 
Genoa  in  1846.  Major  Charters,  having  seen  many  of  the  principal 
sites  along  with  Prof.  Perez,  and  conversed  much  with  him,  concurs 
lully  in  his  views. 

Major  Charters  described  the  topography  of  the  district,  with  its 
three  river-basins  and  its  numerous  mountains,  and  then  noticed  the 
geological  formations  in  the  following  order :  —  1 .  Postpliocene 
{quatemaria  of  the  Italians)  ;  2.  Pliocene ;  3.  Eocene  ;  4.  Creta- 
ceous ;  5.  Jurassic,  including  the  Dolomite. 

This  memoir  had  special  reference  to  the  following  points  of  in- 
terest : — ^The  sepaAition  and  definition  of  the  nummuhtic  and  the 
cretaceous  rocks ;  the  subdivision  of  the  latter ;  the  association  of 
the  gypsum  of  the  Hill  of  Cimies  vnth  the  cretaceous  series ;  and  the 
intimate  relation  of  the  dobmite  with  the  Jurasac  series. 

Major  Charters  also  mentioned  his  visit  to  a  volcanic  district 
about  ten  miles  west  of  Nice. 
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Descriptiofi  of  the  Cranium  of  a  Labyrinthodont  Rsftile, 
Brachyops  i^ATiCKPs,  Jrofn  Mangali,  Central  India.  By 
Frofessor  Owen,  F.R.S.,  F.G.S. 

[Plate  II.] 

[This  Paperwas  read  Jane  21, 1854*.] 

The  fossil  obtained  by  the  Rev.  Messrs.  Hislop  and  Hunterf  from 
the  sandstone  series  of  M^gali,  about  sixty  miles  to  the  south  of 
N^lgpur,  and  transmitted  for  my  exammation,  is  a  considerable  por- 
tion of  a  sknl],  wanting  chiefly  the  tympanic  pedicles  and  the  lower 
jaw ;  it  is  imbedded  in  a  block  of  brisnt  brick-red  compact  stone, 
with  its  upper  surface  exposed.  Theskull(Pl.  II.)  is  broad,  depressed, 
of  an  almost  equilateral  triangular  form ;  the  occipital  border  or  plane 
rather  exceeding  in  extent  each  lateral  border,  which  borders  con- 
veige  with  a  slight  convex  curve  to  the  rounded  obtuse  muzzle.  The 
breadth  of  the  occiput  is  4  inches  9  lines,  and  the  extent  of  each 
lateral  border  of  the  skull  in  a  right  hue  is  4  inches  6  lines.  Most 
of  the  cranial  bones  are  impressed  by  rather  coarse  grooves,  radiating 
in  each  from  a  prominence  which  indicates  the  primitive  centre  of 
ossification ;  the  intervening  ridges  being  in  some  parts  broken  up  by 
communicating  grooves  into  tubercles.  The  orbits  (o,  o)  are  entire, 
of  a  moderate  size,  of  a  full  oval  form,  and  situated  in  the  anterior  half 
of  the  skull.  The  middle  Hue  of  the  upper  surface  of  the  ^kull  is 
sli^tly  depressed ;  at  the  upper  and  fore  part  of  the  skull  on  each 
^e,  there  is  a  smooth  continuous  groove  of  a  sigmoid  form,  with  a 
strong  curve,  convex  outwards  anterior  to  the  orbit,  and  wilh  a  less 
strong  carve,  convex  inwards  on  the  inner  side  of  the  orbit :  between 
the  orbit  and  the  occiput  there  is  on  each  side  a  shorter  groove,  • 

*  For  the  other  communicatioDB  read  at  this  Evening  Meeting,  see  Qaart.  Journ. 
GeoL  Soc.  voL  x.  p.  454,  &c. 
t  See  Quart.  Journ.  Geol.  Soc  No.  40,  p.  472. 
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extending  from  the  exocdpital  forwards  and  a  little  outwards  to  the 
postfrontal,  where  it  bends  more  directly  outwards  and  downwards 
behind  the  orbits:  these  srooves  probably  lodged  large  mucous  canals. 
Portions  of  small,  conicsS,  pointed,  subequal  teeth  extend  in  a  single 
series  along  the  alveolar  border  of  the  upper  jaw  (fig.  2,  «i),  from 
the  muzzle,  along  the  lateral  borders  of  the  fossil,  to  two-thirds  of  an 
inch  behmd  the  orbits.  At  the  bases  of  some  of  these  teeth  may 
be  discerned  indentations  converging  from  the  periphery  towards 
the  centre  of  the  dentine. 

The  entire  orbits,  closed  below  by  a  backward  extension  of  the 
superior  maxillary  (2i\  and  the  connexion  of  this  bone  by  a  malar 
(sa)  and  squamosal  (27)  with  the  mastoid  (s)  and  tympanic  («s), 
forming  a  complete  zygoma,  prove  that  the  fossil  did  not  belong 
to  the  class  of  fishes :  whilst  the  strong  points  of  resemblance  which 
the  skull  presented  to  the  LabyrinthodonU — ^in  its  broad  and  very 
depressed  figure  (especially  the  great  breadth  of  the  ocdput),  in  its 
external  sculpturing  (especially  the  number  and  position  of  the  mu- 
cous grooves),  in  the  form  and  position  of  the  orbits,  and  in  the  cha- 
racters of  the  teeth — led  me  to  investigate  the  structure  of  the  deeper 
part  of  the  occiput  which  was  concealed  in  the  matrix,  for  the  more 
decisive  character  which  that  part  of  the  cranium  affords  of  the  ba- 
trachian  affinities  of  the  singular  reptiles  to  which  the  Mdngali  skull 
seemed  by  its  more  obvious  characters  to  be  most  closely  allied. 

I  was  gratified  by  finding  that  the  occipital  bone  (which  like  the 
rest  of  the  skull  was  distinguished  from  the  red  matrix  by  its  yellow 
colour)  terminated  posteriorly  in  two  well-defined  subdepressed  con- 
vex condyles,  2, 2,  not  so  close  together  as  in  the  great  Lahyrinthodon 
salamandroide8  (Mastochnsaurus  of  Jaeger),  but  separated  as  in  the 
Trematosaurus  of  Burmeisterf.  A  part  of  the  broad  atlas  (a)  was 
found  in  connexion  with  these  condyles. 

The  superocdpital  re^on  is  formed  by  a  pair  of  bones,  3,  a,  each 
with  a  slightly  prominent  centre  at  the  angle  between  the  horizontal 
and  backwaroly-sloping  part  of  the  occiput :  they  may  represent  a 
divided  superoccipital  bone,  but  I  cannot  trace  a  suture  separating 
them  from  the  exoccipitals  supporting  the  condyles,  where  it  is  repre- 
sented by  Burmeister  in  the  Trematosaurus, 

External  to  these  is  a  large  bone  with  a  well-marked  prominent 
centre,  from  which  the  grooves  of  the  outer  surface  radiate :  on  the 
left  side,  a  part  of  the  tympanic  remains  in  connexion  with  this  bone, 
which  I  regard  as  the  mastoid,  s,  which  bone  occupies  a  similar  posi- 
tion in  the  Labyrinthodonts,  The  parietal  bones,  7, 7,  continue  the 
cranial  walls  in  advance  of  the  superoccipitals,  and  show  a  small  oval 
vacuity  in  their  median  suture — the  "  foramen  parietale,"  as  in  the 
Trematosaurus :  the  foramen  is  situated  near  the  hinder  part  of  the 
suture :  an  accessory  parietal,  7*,  extends  outwards  from  the  hinder 
half  of  the  main  body  of  the  bone  on  each  side,  to  the  angle  between 
the  superoccipital  and  mastoid.  Traces  of  a  suture  seem  to  show 
this  to  be  a  dismemberment  of  the  parietal :  it  occupies  the  place  of 
the  bone  marked  n,  and  called  "  os  temporale  squamosum,"  in  the 
t  •  Die  LabyrinthodoQten/  4to,  1849,  part  L  pi.  1. 
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above-cited  figure  of  the  Trematasaurus ;  bat  the  true  squamosal  is 
always  anterior  and  external  to  the  mastoid  in  the  reptiles  in  which  it  is 
miequivocally  present ;  and  it  is  restricted  to  its  zygomatic  place  and 
fonctions,  not  becoming  a  proper  cranial  bone  until  the  mammalian 
type  is  reached.  The  predse  boundaries  of  the  frontal,  r,  and  the 
sutures  dividing  it  from  the  nasab  and  prefrontals  cannot  be  traced, 
the  skull  being  abraded  at  this  part.  The  postfrontals,  it,  have 
their  centre  as  well  marked  and  prominent  as  in  the  mastoids,  and 
extend  to  those  bones  from  the  outer  and  back  parts  of  the  orbits. 
Traces  of  the  malar,  s6,  and  true  squamosal,  tr,  may  be  discerned  on 
the  left  side,  extending  from  the  slender  maxillary  beneath  the  post- 
frontal,  to  the  tympanic,  m,  beneath  the  mastoid,  s.  The  bone  here 
called  ''postfrontal,"  is  the  ''  os  orbitale  posterius,"  t,  of  Burmeister, 
and  the  name  **  os  frontale  posterius "  is  restricted  in  the  above- 
cited  figure  of  the  Trematasaurus  to  a  supplementary  bone  which  is 
interposed  in  that  Labyrinthodont,  as  in  the  present,  between  the 
bone  marked  »,  the  parietal  7,  and  frontal  0,  where  it  forms  the 
inner  half  of  the  back  part  of  die  orbit.  This  bone  appears  to  me 
to  be  a  dismemberment  of  an  unusually  developed  postirontal,  and 
both  it  and  the  supernumerary  bone,  7*,  are  remarkable  departures 
from  the  normal  cranial  structure,  characteristic  of  some,  if  not  of  all 
of  the  Labyrinthodont  batrachians.  The  marked  departure  in  the 
form  and  proportions  of  the  present  cranium  from  those  of  the 
eoually  well-preserved  specimens  of  European  Labj^rinthodonts,  leads 
me  to  the  conclusion  that  the  Mdngali  species  indicates  a  distinct 
subgenus  in  that  group  of  Reptiles,  and  I  propose  to  designate  the 
species  so  represented  by  the  term  '  Brachyopsf  laticep*,'  indicative 
of  its  peculiar  proportions. 

Although  the  abraded  and  otherwise  mutilated  state  of  the  skull  of 
the  Braehyops  is  such  as  to  prevent  my  giving  a  more  extended  ana- 
tomical description  of  it,  and  determining  more  precisely  and  satis- 
factorily the  boundaries  and  homologies  of  the  constituent  bones,  it 
nevertheless  permits  so  many  characters  of  the  skull  of  the  Labyrin- 
thodont Batrachia  to  be  determined,  as  can  leave  no  reasonable  doubt 
of  its  true  nature  and  affinities ;  and  thus  the  results  chiefly  required 
by  the  geologist,  in  reference  to  the  probable  age  of  the  stratum  in 
which  this  fossil  is  imbedded,  may  have  been  attained. 

DESCRIPTION  OF  PLATE  II. 

Fig.  1.  Upper  view  of  the  skull  of  the  Braekyop9f  nat.  size. 
2.  Side  view  of  the  same,  nat.  size. 

t  From  ppax^,  short,  ^/aee ;  in  reference  to  the  shortness  of  the  facial  part 
of  the  sknll  anterior  to  the  orbits. 
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On  the  Structure  and  Affinities  of  the  Hippuritida. 
By  S.  P.  Woodward,  Esq.,  F.G.S. 

[Platks  III.  IV.  v.] 

[Read  May  24, 1854*.] 


contents. 

Introductioii. 

Description  of  the  Shell  of  the  Hippnrite. 

Genera  related  to  Hippuritet : 

Cigfrotina. 
(kqtrma. 

Reqmema. 
The  H^ppwritidm  and  their  Geolog;ical  Distribution. 
Aflinities  of  the  HifpuriiiiUe. 

Critical  examination  of  the  opinions  of  earlier  obsenrers. 
H^fpuritida  referred  to  Corals,  Annelids,  and  Cirripeds. 

— — —  — : to  Palliobranchiates. 

to  a  separate  Mollascan  Order  (ihufitte). 

— to  Lamellibranchiates. 

Description  of  some  New  Species  of  Hgrpuritei  and  BadiolUet. 

Introduction. — It  ifl  now  forty  years  since  Mr.  Parkinson,  the  most 
distingmshed  palaeontologist  of  his  day,  read  a  paper  before  this 
Society,  descriptiye  of  some  Hippurites  from  Sicily.  The  paper  was 
printed  in  the  second  volume  of  the  'Transactions  (p.  277);  the  spe- 
cimens are  yet  in  the  Society's  Museum.  Mr.  Parkinson  adopted  the 
notion  of  Baron  Picot  de  Lapeirouse,  that  Hippurites  were  chambered 
shells  related  to  Orthocerae,  and  pointed  out  the  means  by  which  he 
thought  they  might  haye  been  capable  of  "  raising  themselyes  occar 
sionidly  to  the  si^ace  of  the  sea  '^  (loe.  cit,  p.  282). 

Since  that  time  many  eminent  palaeontologists  haye  devoted  atten- 
tion to  the  subject ;  but,  owing  doubtless  to  the  incompleteness  of 
their  materials,  scarcely  two  authors  have  formed  a  similar  opinion, 
and  some  of  the  latest-published  views  are  more  improbable  than 
those  promulgated  by  Mr.  Parkinson. 

The  collection  of  Hippurites  and  allied  fossils  in  the  British  Mu- 
seum has  been  rendered  so  complete  by  the  liberality  of  Mr.  S. 
Peace  Pratt  and  Sir  Roderick  I.  Murchison,  and  by  the  assistance  of 
Dr.  Krantz  of  Bonn  and  M.  Saemann  of  Paris,  as  to  leave  very  little 
to  be  desired  in  the  way  of  additional  data.  It  is  due  to  M.  Saemann 
to  say,  that  some  of  the  most  instructive  specimens  were  procured 
by  hmi  with  his  own  hands,  and  that  he  was  fully  aware  of  their 
scientific  value. 

My  own  observations,  so  far  as  they  are  new,  would  be  scarcely 

*  For  the  other  communications  read  at  this  Evening  Meeting,  see  Quart  Joum. 
Geol.  Socvol.  x.p.  397. 
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intelligible  if  stated  alone,  and  not  of  sufficient  importance  to  form 
the  sm>ject  of  a  communication  to  the  Society ;  and  it  is  only  upon 
the  express  invitation  of  the  President  that  I  have  ventured  to  oiffer 
a  general  summary  of  a  matter  so  often  discussed. 

Description  of  the  Shell  of  the  Hippurites. — Hippurites  are  bivalve 
shellsy  which  were  attached  to  the  sea-bed,  and  usuaUy  gregarious, 
like  Oysters ;  often  adhering  toother  by  their  sides,  or  growing  one 
upon  the  other.  They  are  corneal  when  young ;  but  soon  become 
cylindrical,  as  they  lengthen  upwards  without  increasing  in  diameter. 
Some  are  straight,  others  curved  ;  one  of  the  most  common,  H.  eomu- 
vaccinum,  is  shaped  hke  a  cow's  horn,  and  attains  the  length  of  a 
foot  or  more. 

On  one  side  there  are  three  longitudinal  furrows,  extending  from 
the  base  to  the  summit ;  the  upper  valve  is  nearly  flat,  and  is  per- 
forated by  numerous  pores  ;  sometimes  there  are  two  eye-like  depres- 
sions, as  in  J7.  bi-octdatus. 

When  broken  with  a  hammer,  the  shell  is  found  to  consist  of  two 
layers  ;  the  outermost  is  readily  detached,  leaving  a  core,  which  is 
furrowed  lengthwise.  The  outer  layer  is  compact  and  dark-coloured ; 
its  sohdity  is  caused  by  the  infiltration  of  carbonate  of  lime.  Spe- 
cimens, however,  from  the  Chalk  of  Angouleme  are  quite  porous  and 
brittle.  Here  the  outer  shell  consists  of  a  succession  of  corrugated 
layers ;  the  wrinkles  radiate  from  the  inner  margin  and  subdivide 
and  anastomose  repeatedly,  leaving  interstitial  pores.  By  the  appo- 
sition of  these  pores  in  the  successive  layers,  long  unequal  tubes  are 
formed  parallel  with  the  long  axis  of  the  shell,  and  opening  on  its 
rim. 

The  inner  layer  is  white  and  laminated,  Hke  the  interior  of  an 
caster-shell,  with  spaces  between  the  laminae,  like  those  of  the 
Water-Spondylus,  and  which  are  of  frequent  occurrence  in  the  Oyster 

Rg.*  1. — Section  of  a  fragment  q/^Ostrea  comucopise,  showing  the 
spaces  formed  by  the  lamime  in  the  interior  of  the  shell. 


also.    The  laminae  are  as  thin  as  writing-paper,  sometimes  vesicular, 

*  I  am  indebted  to  Dr.  J.  £.  Gray,  of  the  British  Museum,  for  the  use  of  the 
woodcutt,  which  have  been  prepared  for  the  '  Museum  Catalogue/ 
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as  in  JStheria,  sometimes  wide  apart  and  regular  as  the  septa  of  an 
Orthoceraa;  the  interspaces  are  occasionally  empty,  but  are  more 
usually  filled  with  calcareous  spar.  The  whole  inner  stratum  of  shell 
is  frequently  replaced  by  crystalline  carbonate  of  lime. 


Figs.  2  &  3. — Sections  o/*  Hippurites  comu-yaccinum,  Bronn. 
Rg.  2.  Kg.  3. 


Fig.  2.  Upper  half  of  a  longitudinal  section  (i  nat.  size),  taken  in  the  direction 
d,  b  of  Fig.  3,  catting  only  the  base  of  the  posterior  tooth  if). 

Fig.  3.  Transverse  section  of  a  larger  specimen  (f  nat  size)  at  about  the  level  d,  b 
of  Fig.  2,  cutting  the  point  of  the  posterior  apophysis  (oO*  <^d  showing 
the  peculiar  shell-texture  deposited  by  the  anterior  adductor  (a): 
A  m,  It,  duplicatures ;  ti,  umbonal  cavity  of  left  valve ;  r,  of  right  valve ; 
c,  eft  cartilage-pits ;  /,  f,  teeth ;  a,  a\  muscular  apophyses ;  d,  outer 
shell-layer ;  «,  inner  shell-layer. 

A  longitudinal  section  shows  the  laminae  of  shell  filling  up  the 
interior  nearly  to  the  summit,  leaving  but  a  small  space  for  the  body 
of  the  animal,  now  occupied  by  hard  limestone. 

The  upper  yalye  serves  as  an  operculum  to  close  the  aperture  of 
the  lower  valve,  and  does  not  thicken  with  age ;  its  outer  stratum  is 
permeated  by  canals  which  radiate  from  the  centre  to  the  margin, 
and  give  off  small  branches  which  appear  as  pores  on  the  outer  sur- 
face. The  inner  layer  is  always  metamorphic  a^d  crystalline ;  it 
gives  ofP  processes  which  penetrate  to  some  depth  the  substance  of 
the  lower  valve. 

The  interior  of  the  lower  valve  has  been  figured  and  described  by 
Groldfuss  and  D'Orbigny.  Goldfuss's  figure  (Petr.  Grerm.  t.  164. 
f.  1  c,  p.  300)  has  been  generally  overlooked,  perhaps  because  he 
described  it  merely  as  an  example  of  Radiolites  agaridformisy 
"  wanting  the  upper  layers.'* 

The  British  Museum  has  lately  acquired  a  specimen  precisely  similar 
(fig.  4).  The  inner  layer  exhibits  an  irregularly  cellular  structure, 
which  I  have  not  met  with  in  any  other  Hippurite,  and  to  which  its 
excellent  preservation  is  probably  due.  The  cells  are  large,  irregular. 
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and  empty,  like  the  cellular  structure  between  the  laminse  of  certain 
Oysters. 

Figs.  4  &  5. —  Upper  and  lower  valves  q/*  Hippurites  radiosus.  Deem, 
Fig.  4.  Fig.  5. 


Fig.  4.  Interior  of  lower  valve  (i). 

FSg.  5.  Model  of  upper  valve :  a,  o^,  adductor  impressions  and  processes ;  c,  e,  car- 
tilage-pits ;  t,  f,  teeth  and  dental  sockets ;  ti,  umbonal  cavity;  p,  orifices 
of  canals ;  /,  ligamental  inflection ;  m,  muscular,  n,  siphonal  inflections. 

The  umbonal  cayity  of  the  lower  Talve  is  contracted  by  three 
ridges,  produced  by  inflections  of  the  outer  wall ;  they  correspond  to 
the  three  furrows  on  the  outside.  The  first,  or  ligamental,  inflec- 
tion is  very  slight,  and  opposite  to  the  centre  of  ike  hinge,  which 
consists  ot  two  deep  dental  sockets,  divided  by  a  tooth-hke  process, 
and  separated  from  the  shell-wall  by  two  narrow  and  deep  pits  for 
the  internal  ligament  (eartiloffe).  In  front  of  the  hinge  is  a  large 
muscular  impression  consisting  of  two  portions,  and  answering  to  the 
anterior  adductor,  which  usuaBy  consists  of  two  elements  in  ordinary 
biyalyes.  Behind  the  hinge,  and  between  it  and  the  second  inflec- 
tion, is  a  deep  pit,  marked  inside  with  the  impression  of  the  posterior 
adductor  muscle.  This  inflection,  therefore,  appears  to  represent 
the  lamina  which  supports  the  posterior  adductor  in  the  fossil  genus 
DiceraSy  and  in  the  recent  Cardilia. 

The  third  inflection  may  possibly  correspond  to  the  ridge  which 
indicates  the  division  of  the  siphonal  orifices  in  some  biyalves,  such 
as  the  Leda  and  Trigania  ali/ormis. 

In  H.  eomu-vaccinum  the  form  of  the  interior  is  rather  different 
(%•  3)  *.  See  also  PI.  IV.  figs.  2  and  3.  The  Hgamental  inflection 
is  very  deep,  and  the  dental  sockets  are  placed  across  the  interior  of 
the  shell,  mstead  of  parallel  with  the  side,  leaving  a  shaUow  cavity 
in  front,  which  may  perhaps  have  lodged  the  internal  lieament,  for 
there  are  no  distinct  hgamental  pits  in  the  lower  valve  of  mis  species. 
Hippurites  which  have  lost  their  inner  layer  exhibit  either  two  or  three 
longitudinal  ridges,  accordingly  as  they  belong  to  the  same  division 
with  H.  eomu-vaccinum,  or  with  H»  radiosue  and  bi-oculatus. 

The  interior  of  the  upper  valve  of  the  Hippurite  appears  not 

*  Compare  D'Orbigny's  figure,  Pal^ont.  Fran^aisc,  Ter.  Cret.  pi.  527.  f.  2. 
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to  have  been  figured  or  described;  but  Groldfuss  and  D'Orbigny 
have  figured  a  mould  of  its  mterior,  and  I  obtamed  a  similar  prepa- 
ration (fig.  7)  by  removing  the  upper  valve  from  one  of  Mr.  Pratf  s 
specimens  with  a  hammer  and  chisel. 


Figs.  6  &  7. — Upper  valve  ofH.  Toucasianus. 
Kg.  6.  Fig.  7. 


Fig.  6.  Exterior  of  the  upper  valve ;  i. 

Fig.  7.  Moald  uf  the  interior  of  upper  valve ;  }.   A  *»,  n,  duplicatures ;  x,  fractare, 

showing  canals ;  e,  cartilage ;  «,  left  umbo  ; — the  arrows  indicate  the 

supposed  direction  of  the  branchial  currents. 

This  mould  shows  the  umbo  turned  forwards,  and  bavinff  a  deep 
furrow  on  each  side,  caused  by  processes  from  the  upper  valve.  On 
the  dorsal  side  of  the  umbo,  close  to  the  ligamental  inflection,  is  a 
small  conical  elevation  (omitted  in  the  figures  of  Goldfuss  and 
D'Orbigny)  representing  the  cartilage  or  one  of  its  divisions. 

A  plaster-cast  taken  from  this  mould  gives  the  form  of  the  interior, 
to  a  certain  extent ;  that  is  to  say,  it  shows  the  umbonal  cavity,  the 
cartilage-pit,  a  deep  frirrow  windmg  round  the  adductor  and  siphonal 
inflections,  and  the  bases  of  the  hinge-teeth. 

With  the  help  of  this  mould  I  filled  up  the  umbonal  cavity  of  the 
other  specimen  (the  lower  valve  of  ^.  radiosus),  and  then  took  from 
it  a  plaster-cast  (fig.  5),  which  gives  what  I  believe  to  have  been  the 
form  of  the  upper  valve  with  its  processes  complete. 

To  test  the  correctness  of  this  model,  I  made  a  number  of  sections, 
both  transverse  and  longitudinal,  of  Hippurites  in  which  both  valves 
were  preserved.  These  show  that  the  two  prominent  hinee-teeth 
were  extensively  under-cut  by  the  umbonal  cavity  (fig.  8,  u))  so  as 
to  appear  suspended  by  thin  plates.  Each  tooth  supports  a  process 
corresponding  in  shape  to  the  muscular  impressions  in  the  lower 
valve ;  the  anterior  projecting  horizontally  ;  the  posterior  vertical 
and  tooth-hke,  longer  indeed  than  the  tooth  to  which  it  is  attached  ; 
but  thinner  than  in  the  model,  not  nearly  filling  the  cavity  for  its  re- 
ception (fig.  3,  a').  Both  these  muscular  apophyses  are  under-cut,  so 
as  not  to  interfere  with  the  channel  which  winds  round  the  inflections. 

This  explanation  of  the  hinge-teeth  and  muscular  processes  has 
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been  approyed  of  by  M.  Deshayes,  to  whom  I  submitted  the  speci- 
mens during  his  last  visit  to  Engknd. 

Figs.  8  &  9. — Longitudinal  sections  q/*  Hippurites  and  Radiolites : 

reduced  i. 

Kg.  8.  Fig.  9. 


Rg.  8.  H^tpuriies  eomu-vaccimtm.    Fig.  9.  RadioUtet  eylmdraceut. 

The  sections  are  taken  through  the  teeth  {if  f)  and  muscular  apophyses  (a,  o^  • 
d;  outer  shell-layer ;  r,  inner  shell-layer ;  /,  dental  plate  of  lower  valve ;  «i  um- 
bonal  cavity  of  upper  valve ;  t,  intestinal  channel. 

Hitherto  it  had  been  supposed,  either  that  the  two  divisions  of  the 
anterior  muscular  impression  represented  both  the  adductors,  or 
that  the  posterior  adductor  occupied  the  channel  between  the  second 
and  thira  inflections, — ^where  tnere  is  not  the  slightest  indication 
ofit. 

Almost  the  last  specimen  I  have  obtained  is  a  genuine  upper  valve, 
brought  by  Mr.  "W.  K.  Loftus  from  the  Turco-Persian  Frontier  * 
(PI.  III.  fig.  4).  This  fossil  had  been  broken  by  an  accidental  fall, 
but  enough  remained,  when  the  specimen  was  mended,  to  show  many 
interesting  particulars.  Two  small  portions  of  the  lower  valve  («,  a) 
— ^viz.  the  summits  of  the  second  and  third  inflections — remain  ad- 
hering to  the  lid,  surrounded  bv  the  channel  before  noticed,  which 
seems  intended  to  lodge  some  wmding  canal,  or  to  allow  the  passage 
of  a  current.  This  example  also  shows  the  base  of  the  posterior 
tooth  (t),  the  deep  conical  cartilage-pit,  and  the  curved  umbonal 
cavity.  The  stony  mould  of  this  cavity  was  detached  by  the  fall, 
and  showed  that  originally  it  was  covered  up  halfway  by  the  base 
of  the  anterior  tooth.  The  margin  is  perforated  by  a  sinele  line  of 
circular  foramina,  the  orifices  of  those  radiating  canals  which  are  seen 
in  the  weathered  outer  surface. 

*  See  Quart.  Joum.  Geol.  Soc.  No.  40.  p.  468.    For  descriptions  of  the  speci- 
of  Hippurites  brought  home  hy  Mr.  Loftus,  see  the  Appendix  to  this  Me- 
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Genera  related  to  Hippurites. 

In  searching  out  the  affinities  of  a  prohlematic  fossil  shell,  it  is 
desirable  to  inquire,  first,  whether  any  similar,  but  less  abnormal, 
forms  occur  in  the  same  stratum  with  it,  or  in  formations  imme- 
diately older  or  newer.  For  it  may  be  doubted  whether  any  quite 
isolated  types  exist  in  nature ;  and,  although  no  well-disciplined 
naturalist  dreams  of  the  transmutation  of  organic  forms,  yet  by  those 
who  regard  genera  as  "  ideas  of  the  creating  mind,'*  there  is  held  to 
be  a  relation  of  interdependence  between  those  "  ideas,"  as  regards 
their  development  both  in  time  and  space,  giving  rise  to  a  succession 
of  forms,  which  may  easily  mislead  a  superficial  observer  to  suppose 
they  are  related  in  the  way  of  ancestry  or  descent 

Therefore,  although  we  disbelieve  the  doctrine  of  transmutation, 
our  first  inquiry  is — Are  there  any  fossil  shells  which  look  like  the 
progenitors  or  descendants  of  the  Hippurite  ?  We  think  it  may  be 
shown,  that,  by  a  complete  series  of  cognate  forms,  the  Cretaceous 
Hippurites  are  connected  with  the  OoHtic  Dicerata  and  the  Tertiary 
Cianue. 

These  forms  belong  to  at  least  five  genera ;  and  some  of  the  species 
are  more  problematic  and  extraordinary  than  the  Hippurite  itself. 

Radiolites. — The  genus  most  nearly  related  is  the  Radiolite9  of 
Lamarck  (Sphcerulites  of  De  la  M^therie). 

Figs.  10  &  11. — Radiolites  mammillaris,  Matheron,     Reduced  ^. 
From  the  Lower  Chalky  S.  Mamest,  Bordogne. 

Fig.  10.  Rg.  11. 


Fig.  10.  Interior  of  lower  valve.  Hg.  11.  Interior  of  upper  valve.  (See  also 
figs.  13  &  14.)—/,  ligamental  Inflection ;  m,  pallial  line ;  c,  c,  cartilage- 
pits  ;  a,  ij^j  addactor  impressions  and  processes ;  /,  /,  teeth  and  dental 
sockets ;  ti,  umbonal  cavity. 

In  general  form  the  Radiolites  resemble  the  Hippurites^  but  are 
more  squamose  or  foliaceous  extemaUy  ;  and  the  upper  valve  is  not 
porous,  differing  but  little  in  structure  from  the  lower  valve*.     The 

*  Mr.  D.  Sharpe  has  called  my  attention  to  the  existence  of  a  third,  superficial, 
shell-layer  in  all  the  genera  of  RudUta,  similar  to  the  "  sub-epidermal "  layer, 
described  by  Dr.  Carpenter,  in  Chama  and  other  bivalves.   In  the  Radiolite  (PI.  IV. 
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ligamental  inflection  is  seldom  indicated  extemallj ;  bnt  in  those  species 
which  M.  D'Orbigny  has  distinguished  as  Bi-radioUtes  (fig.  19) 
there  is  a  pecdiarly  sculptured  tract,  or  "  cardinal  area,"  on  each 
side  the  ligamentaT  line ;  and  in  R.  Fleuriaui  the  upper  Talve  is 
rendered  subspiral  by  a  ligamental  groove  *. 

The  interior  of  each  valve  is  nearly  symmetrical,  but  we  may  infer 
from  the  structure  of  R.  Fleuriauiy  that  the  Radiolite,  Hke  the 
Hippnrite,  was  attached  by  the  dextral  valve ;  an  inference  which 
is  confirmed  by  comparing  R.  polyconilites  with  Caprotina.  The 
outer  wall  or  shell-layer  of  the  Radiolite  is  unlike  that  of  the  Hip- 
pnrite. It  consists  of  prismatic-cellular  structure  Hke  the  shell  of 
the  recent  Pinna  f ;  and  in  all  specimens  from  chalk  strata  the  cells 
are  en^ty.  As  the  shells  of  Pinna^  Inoeeratnus,  and  Belemnites  in 
the  same  formations  are  solid,  we  may  conclude  that  this  difference 
was  original  and  essential. 


Kg.  1 2. — Part  of  the  rim  of  Radiolites  Mortoni,  Mantell,  from  the 
Lower  Chalk  of  Sussex,  Traced  from  the  original  specimen  in 
the  Museum  of  the  School  of  Mines. 


a,  the  outer  edge ;  b,  the  inner  edge;  v,  v,  the  dichotomuos  impressions. 


fig.  I)  it  forms  nearly  all  that  usually  remains  of  the  upper  valve,  and  all  the 
sqnamose  ornaments  of  the  lower  vslve.  In  the  Hippurite  it  is  seldom  distin- 
gmshable ;  but  is  quite  distinct  in  Ckiprina  and  CkiprmeUa,  No  such  layer  exists 
in  any  of  the  PaOiobnmehiata,  Mr.  Sharpe  has  aho  pointed  out  that  the  long 
prisms  of  the  middle  shell-layer  are  always  parallel  with  the  surface  (and  not 
always  perpendicular  to  the  laminae  of  growth),  like  the  tubes  of  Ctgmna  and 
C^frmeila.  In  the  PaUiodranehiata  the  slender  shell-prisms  cross  obliquely  from 
the  inner  to  the  outer  surface,  as  shown  by  Dr.  Carpenter.  (See  Davidson's  Mo- 
nograph of  the  Brachiopoda;  Pal.  Soc.)— Dec.  30, 1854,  S.  P.W. 

*  Specimens  of  RadioUtes  Hcenmghaum  which  have  lost  their  inner  shell-layer 
present  internally  strong  transverse  furrows,  or  lines  of  growth,  and  a  prominent 
ligamental  ridge.  The  interior  of  the  upper  valve,  when  in  this  condition,  shows 
t^  the  umbo  of  the  young  shell  was  marginal,  as  represented  in  PI.  V.  fig.  3.  I 
cannot  distinguish  R,  actUua,  D'Orb.,  from  the  young  of  R.  HcBmnghautH. — 
Dec30,1854,  S.  P.W. 

t  The  cells  of  RadioHtes  from  the  English  Chalk  are  twenty-five  times  as  large 
as  those  of  the  recent  Pinna ;  and  those  of  Pinna  are  250  times  as  large  as  the 
ceUs  of  Pandora  (Carpenter). 
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The  rim  of  this  species  and  some  others  (but  not  of  all  the  Radios 
lites)  is  marked  with  bifurcating  impressions,  which  radiate  from  the 
inner  to  the  onter  margin  (fig.  12).  They  owe  their  definition  to  a 
change  in  the  form  of  the  cells. 

The  inner  layer  of  shell  is  often  wanting,  being  only  indicated  by  a 
space  between  the  outer  wall  and  the  calcareous  mould  of  the  original 
interior.  These  moulds  (figs.  15, 16),  called  Birostriteshy  Def ranee, 
have  greatly  puzzled  naturalists,  especially  when  imperfect  *, 

In  the  British  Museum  there  are  several  specimens  of  R.  caleeo- 
loides  and  R,  mammillaris  in  which  the  inner  layer  of  shell  is  re- 
placed by  spar,  whilst  the  interior  was  filled  with  soft  chalk,  and 
allowing  the  separation  and  development  of  the  valves. 

The  mterior  of  the  lower  valve  of  R,  mammillaris  (fig.  10)  exhibits 
no  inflections  of  the  outer  wall,  or  only  a  sUght  ligamental  ridge ; 
the  cartilage-pit  is  deep  and  furrowed,  and  divided  by  an  inflection 
of  the  inner  wall.  The  dental  pits  are  deep,  subequal,  and  strongly 
grooved.  The  muscular  impressions  are  shallow,  striated,  and  nearly 
equal. 

The  interior  of  the  upper  valve  (figs.  11,  13,  &  14)  has  an  um- 
bonal  cavity  turned  towards  the  hinge,  and  slightly  under-cutting  it. 
In  young  specimens  it  is  deep  and  conical,  but  becomes  shallow, 
or  completely  filled  up,  with  age.  The  teeth  are  straight  and  pro- 
minent, fitting  accurately  the  grooves  in  the  sockets. 

Figs.  13  &  14. — Two  side-views  of  the  upper  valve  of  Radiolites 
mammillaris,  ^oa»  the  same  specimen  as  Fig.  1 1 . 

Kg.  13.  Fig.  14. 


A  ligamental  inflection ;  /,  /,  teeth ;  a,  a',  miuciilar  processes. 

Each  tooth  supports  a  curved  apophysis  corresponding  in  form 
to  the  muscular  impressions  in  the  lower  valve.  In  aged  specimens 
the  apophyses  nearly  rest  upon  the  impressions  ;  they  are,  nowever, 
seldom  so  prominent  as  in  this  species  f.     There  is  no  longer  any 

*  O.  Sowerby  figured  a  Birottritet  ttueguUobtu  in  his  *  Genera  of  Shells,'  and 
"8f*Jy ''egarded  it  as  the  mould  of  a  shell  related  to  Dicertu, 

t  The  specimen  of  R.  calceoloidet  in  the  British  Museum,  like  that  described  by 
M.  Dcshayes,  Bull.  Soc.  G^l.  France,  2  s^r.  vui.  127,  has  lost  almost  aU  chancter 
from  Its  hmge,  as  bivalves  frequently  do  when  aged. 
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difficulty  in  comparing  the  Biroatntes  (figs.  15,  16)  and  its  ''acces- 
sory apparatus  "  (c,  c)  with  the  complete  Radiolite ;  the  accessory 
apparatus  representing  the  great  furrowed  cartilage  and  the  dental 
processes. 

Figs.  15  &  16. — Internal  mould  of  R.  Hoeninghausii,  Deam. 
Reduced  i.     From  the  Chalk. 

Pig.  15.  Kg.  16. 


Fig.  15.  Upper  new-  Kg.  16.  Side  view. 

«,  M,  umbo  of  left  valve ;   r,  right  umbo ;  i,  ligamental  groove ;    c,  c,  cartilage ; 
Of  anterior  adductor  cavity ;  o^,  afj  posterior  adductor. 

From  the  close  affinity  hetween  the  Radiolite  and  the  Hippurite, 
we  must  conclude  that  the  tubular  structure  in  the  opercular  valve 
of  the  latter  possesses  less  importance,  physiologically,  than  at  first 
seemed  prohahle. 

The  presence  of  canals  in  the  Hippurite  and  their  absence  in  the 
Radiolite  is  paralleled  by  the  difference  in  the  shell-structure  of  Tere- 
hratula  and  Ehynchonella,  and  in  the  test  of  Cynthia  and  Aecidium, 

Caprotina. — Three  other  genera,  Caprina,  Caprotina,  and  Capri- 
neUa,  are  found  in  the  Hippurite-limestone,  and  are  more  like  Chama 
and  Diceras  in  general  form.  They  had  an  iutemal  lieament,  and 
were  attached  by  the  dextral  valve,  which  is  straight,  whUst  the  upper 
Talve  is  oblique  or  spiral. 

In  Diceras,  however  deep  and  spiral  the  umbonal  cavity,  there 
is  no  indication  of  septa ;  but  they  exist  in  all  the  HippurituUe,  and 
in  both  Talyes,  whenever  the  umbones  are  much  produced. 

In  Caprotina  the  shell-structure  is  the  same  as  in  Diceras  and 
Chama ;  the  outer  layer  is  solid,  and  consists  of  corrugated  or  ob- 
scurely prismatic-cellular  layers ;  whilst  the  inner  layer  is  sub- 
nacreous,  and  more  easily  destructible.  The  lower  valve  is  always 
striated  or  ribbed,  the  upper  plain,  as  in  the  fossil  Oysters  of  Barton 
and  Woolwich  (O.  flabellulum  and  O.  pulchra)  ♦.    The  hinge  resem- 

*  Several  of  M.  D'Orbigny's  Caprotmm  present  no  character  by  which  they 
can  be  distinguished  from  Chama ;  viz.  C.  rugosa,  C.  fuim,  C.  carinatay  C.  Dela~ 
meoiui,  and  C.  Cenomanennt,    The  Dicerat  huBqvirottratut,  Woodw.  1836,  Geol. 
VOL.  XI. PART  I.  E 
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bles  that  of  the  Radiolite  in  having  two  prominent  teeth  in  the  upper 
valye ;  bat  thej  are  curved,  so  as  to  admit  of  oblique  movement 

Figs.  17  &  18. — Lateral  views  of  the  internal  mould  of  Caprotina 
quadripartita,  B'Orb.  Reduced  i.  From  a  specimen  collected 
by  Mr.  Pratt. 

Fig.  17.  Kg.  18. 


«, «,  left  umbo;  r,  r,  right  umbo;  /,  ligamental  inflection;  c,  e,  caitilAge; 
ty  t,  f,  ft  dental  sockets ;  a,  a\  position  of  adductor  muscles ;  e,  portion 
of  the  third  lobe  is  here  broken  away.  (The  first  and  fourth  lobes,  those 
on  each  side  of  the  ligamental  inflection,  appear  to  be  the  two  divisions 
of  a  great  internal  cartilage  like  that  of  the  Radiolite,  figs.  15, 16,  c,  c.) 

Each  tooth  is  supported  by  a  plate,  to  which  the  shell-muscles  were 
attached.  The  umbonal  cavity  of  the  upper  valve  is  divided  by  a 
vertical  plate  (as  in  Radiolitee  polyconilites),  so  that  moulds  of 
the  interior  are  four-lobed,  two  of  the  lobes  representing  the  cartilage, 
and  two  the  divided  umbo. 

A  similar  plate  divides  the  interior  of  the  upper  (or  spiral)  valve 
in  Caprina  and  Caprinella,  In  each  case  it  supports  the  anterior 
hinge-tooth,  but  so  obUquely  that  the  posterior  cavity  (or  lobe)  is 
much  the  smaller.  The  interior  of  the  lower  valve  is  divided  into 
two  very  unequal  cavities  by  an  oblique  plate,  answering  apparently 
to  the  muscular  inflection  of  Hippurites  and  Diceras.  The  liga- 
mental cavity  in  the  lower  valve  of  Caprotina  is  subdivided  into 
numerous  unequal  pits. 

Some  species  of  Caprotina  are  long  and  straight,  with  small  flat 
opercular  valves,  like  miniature  Radiolites;  they  occur  in  groups, 
frequently  attachecLto  Oyster-shells. 

Caprina. — In  Caprina  (figs.  21,  22)  the  fixed  valve  has  the 
same  structure  as  in  Caprotina,  whilst  the  upper  is  perforated  by 
canals ;  another  proof  of  the  subordinate  importance  of  shell-struc- 
ture.   These  canals  are  simple  tubes,  extending  from  the  umbo  to 

Norf.  pi.  5.  fig.  22  (=Caproiinat  Morris,  *' Catalogue,"  1st  edit.,  Qqfrma  Jtui- 
sientUt  D'Orb.  1845,  Caprotina  RuMnemie,  D*Orb.  1850,  and  Chama  contiicqpitf, 
D'Orb.  1847),  is  undoubtedly  a  Chama, 
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the  margin  ;  iM>t  branching  or  commanicating  with  the  outer  surface, 
as  in  HippuriteSy  but  opening  round  the  inner  edge  of  the  yalve. 

Figs.  19>  20. — ExterTuil  views  o/*  Bi-radiolites  arid  Monopleura. 
Kg.  19.  Fig.  20. 


Fig.  19.  Upper  valve  of  BtradioUtet  eanalieulattu,  D'Orb.  (f  nat.  size)  :   ^  posi- 
tion of  ligamental  line ;  a,  a,  areas  bordering  ligamental  groove. 
Y\%.  20.  Upper  and  lower  valves  of  Monopleura  imbrieata,  Math,  (i  nat.  size) : 
/,  ligamental  groove ;  pt  point  of  attachment. 
The  genus  Monoplewraj  Matheron,  merged  in  Caprotina  by  M.  D'Orbigny,  ap- 
peals to  want  the  essential  features  of  the  latter  genus,  and  at  present  we  have  no 
means  of  determining  whether  it  belongs  even  to  the  same  family.    The  following 
species  may  be  referred  to  this  provisional  genus:   M,  trilobata  and  lamellota 
(D'Orb.),  M,  gryphoides,  variantt  tuleata,  hnMeaia,  and  Martieentii  (Matheron), 
M.  Tirana  and  triquetra  (Roemer). 


Kgs.  21,  22. — Interior  and  Exterior  o/*Caprina. 
Fig.  21.  Fig.  22. 


Fig.  21.  Ctfrma  JguiOom,  D'Orb.  Interior  of  left  valve :  a,  uf,  position  of  ad- 
ductors;  I,  ligamental  groove;  «,  umbonal  cavity;  i^  tooth  of  fixed 
valve,  broken  off  and  remaining  in  its  socket. 

Fig.  22.  C.  adverta  (after  D'Orb.) :  c,  point  of  attachment. 

The  single  tooth  of  the  lower  yalve  is  sometimes  enormously  de- 
Teloped  (fig.  21,  t).  The  upper  valve  is  convex  or  spiral.  The 
cartiUge  is  lodged  in  a  shallow  groove  or  in  numerous  deep  pits. 

e2 
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CaprifteUa. — In  Caprinella  both  valTes  are  tubular;  indeed  the  shell 
is  made  up  of  tubes,  the  inner  layer  being  evanescent^  whilst  the  sur- 
face is  formed  by  an  extremely  thin  compact  lamina.    That  the  tubes 

Figs.  23,  24. — Sections  o/'Caprinula  Boissii,  IfOrh.     From  Lower 
Chalk  near  Lisbon  (Mr.  D.  Sharpe). 


Fig.  23.  F!g.  24. 


F!g.  23.  (A!)  TrtnsTeree  section  of  straight  Talve. 

Fig.  24.  (B)  Transrerse  section  of  spiral  valve  of  a  weathered  specimen  which  has 

lost  the  outer  layer :  /,  A  position  of  ligamental  inflection ;  t,  t,  teeth ; 

e,  e,  cartilage-pits ;  «,  u,  nmbonal  cavity. 

were  open  is  proved  by  the  limestone  and  small  shells  contained  in 
them ;  and  it  is  very  improbable  that  even  in  the  lifetime  of  the  animal 
they  were  permanently  occupied  by  processes  of  the  mantle.  They  are 
rather  to  be  compared  to  the  tubular  ribs  of  Cardium  eostaiuM, 
which  remain  open,  simply  because  the  animal  does  not  secrete  sufS- 
cient  lime  to  render  them  sotid. 


Figs.  25,  26,  27. — Caprinella  triangularis,  Desm.    f  nat.  size. 
From  the  Upper  Greensand  o/Rochelle, 

Fig.  26.  Fig.  25.  Fig.  27. 

B  C 


Fig.  25.  (A)  Portion  of  the  left  valve,  after  D'Orbirny ;  the  shdl-wall  has  been 
removed  by  weathering,  and  the  camerated  interior  exposed. 

Fig.  26.  (B^  Mould  of  five  of  the  water^^hambers. 

Fig.  27.  (C)  Mould  of  the  body-chamber :  ti,  right  umbo ;  #,  left  umbo ;  t,  dental 
groove ;  a,  surface  from  which  the  posterior  lobe  has  been  detached. 
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The  d^pnneUiB  have  been  de8cribed»  and  some  new  species  figured, 
hj  Mr.  D.  Sharpe *,  in  his  memoir  '<0n  the  Seoondarj  Bocks  of 
Portugal  f /'  I  am  disposed  to  agree  with  Mr.  Sharpe  in  combining 
D'Orbigny's  genera  CaprineUa  and  Caprinula ;  but  there  does  not 
appear  to  have  been  so  many  and  such  r^ular  "  water-diambers" 
in  the  spiral  valye  of  Caprinula  as  in  that  of  CaprineUa. 

Pigs.  28,  29. — Internal  cdwfx  </Dioeras  and  Bequienia. 

Kg.  28.  Kg.  29. 


F!g.  28.  Dieeroi  arietimtm.    i.  Pig.  29.  Se^fuienia  LotudaleL    i. 

a,  point  of  attachment ;  e,  c,  t/f  casts  of  dental  pits ;  /,  /,  /,  ^,  f,  ftir- 
nms  prodnced  by  mnscolar  ridges. 

Bequienia. — ^A  still  further  connecting  link  between  the  Hippu- 
rite  and  ordinary  bivalves  is  supplied  by  the  genus  Requienia  (Ma- 
theron),  of  which  one  species,  well  known  as  the  Diceraa  Lonsdalei, 
is  found  in  the  Neocomian  of  Wilts  and  Spain.  M.  D'Orbigny  has 
mei^ed  Requienia  in  Caprotina  in  his  latest  publication  (^Cours  ili* 
mentaire  Paliont,),  placing  it  amongst  the  Palliobranehiata ;  whilst 
Mr.  Sharpe  regards  it  as  at  best  only  a  subdivision  of  Diceras. 

Eight  species  of  Requienia  are  known,  ranging  from  the  Neoco- 
mian to  the  Chalk,  and  found  in  France,  Spain,  England,  and  lately 
in  Texas  by  Dr.  F.  Roemer.  They  are  attached  by  the  left  valve, 
the  right  being  usually  much  smaller,  and  sometimes  round  and  con- 
cave, as  in  12.  amtnonia,  Groldf.  (fig.  31).  The  interior,  however  deep 
and  spiral,  is  not  camerated ;  the  hinge,  as  indicated  by  casts,  must 
have  resembled  that  of  Diceras. 

The  Hippuritida  and  their  Geological  Distribution, — Excluding 
Requienia^  there  are  four  genera, — Caprotina,  Caprina,  CaprineUa, 

*  The  C^mmelke  are  described  by  Mr.  Sbarpe  as  ''  probably  attached  when 
yoang  by  the  spiral  yalve,"  which  is  contrary  to  analogy,  and  opposed  to  the  ob- 
lerrations  of  M.  D'Orbigny.  Mr.  Sharpe  also  regards  the  ligamental  furrow  as 
ittdicatiTe  of  an  extemsd  ligament ;  whilst  it  is  unquestionably  a  mere  inflection 
of  the  shell-waJl,  leading  to  the  cavity  of  the  internal  cartilage.  In  the  same 
description,  the  oblique  plate  which  divides  the  umbonal  cavity  of  the  straight 
vslve  is  oonfoonded  vrith  the  transverse  septa  which  form  the  water-chambers ; 
whereas  it  corresponds  to  the  posterior  **  adductor-inflection  "  of  HippurUett  Ca- 
pntrnttf  and  JHeertu. 

t  Quart.  Jonrn.  Geol.  Soc.  1849,  voL  vL  p.  178.  pi.  16-18. 
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and  Radiolitesy — ^wbich  appear  to  constitute  together  with  Hippu- 
rites  a  natural  and  well-defined  group,  possessmg  the  rank  of  a 
Family,  in  the  sense  in  which  that  term  is  employed  by  the  most 

Figs.  30  &  31 . — External  views  of  Diceras  and  Requienia. 
Fig.  30.  Fig.  31. 


Fig.  30.  Dieerat  arieiimim,  Lamarck.  ^.  Fig.  31.  RegtUmia  amimimia,  Goldftus.  i. 
a,  0,  poiDt  of  attachment ;  ly  I,  ligamcDtal  grooves ;  f,  posterior-adductor  inflectioiL 

orthodox  conchologists.  It  includes  above  80  species,  which  are 
found  in  all  four  quarters  of  the  world,  and  never  beyond  the  limits 
of  the  Cretaceous  strata. 

Like  many  other  groups  of  animals,  it  gradually  attained  a  maxi- 
mum development  and  then  declined.  Thus,  only  3  species  are 
found  in  the  Neocomian,  13  in  the  Upper  Greensand,  50  in  the 
Hippurite-limestone,  and  15  in  the  Chalk. 

Several  families  of  Lamellibranchiate  Bivalves  were  more  abundant 
in  the  ancient  seas  than  at  the  present  day.  The  species  of  fossil 
Anatinida  are  four  times  as  numerous  as  the  recent ;  and  more  than 
half  the  genera  of  Cyprinida  and  Trigoniadce  are  lost.  But  the 
Hippuritida  form  the  only  instance  in  which  a  whole  family  of  bi- 
valve shells  has  become  extinct. 

Affinities  of  the  Hippuritidjb. 

I.  In  the  work  of  M.  Picot  de  Lapeirouse  (1781),  the  Hippurites 
are  described  as  Orthoceratites ;  the  Badiolites  as  Ostracites,  This 
view  was  adopted  by  Mr.  Parkinson. 

II.  Von  Buch,  so  late  as  1840  (Leanh.  u,  Bronn's  N.  Jahrb.  1840, 
p.  573),  regarded  the  Hippurites  as  corals. 

III.  Prof.  Steenstrup,  of  Copenhagen,  announced  to  the  British 
Association  (through  Prof.  Forbes)  in  1850  that  they  were  Jnellides, 
allied  to  the  SerpuUe  cymospirtB  of  Savigny. 

These,  however,  differ — 1st,  in  being  symmetrical  and  bi-lateral ; 
2ndly,  they  have  no  muscular  attachment  to  their  shell ;  3rdly,  the 
operculum  is  not  articulated  ;  it  is  one  of  two  organs  attached  to  the 
head,  of  which  sometimes  one,  sometimes  the  other  is  developed 
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into  an  opercnlainy  the  second  remaining  filiform ;  4tlil7y  the  shell- 
stnictnre  is  different  *. 

IV.  M.  Charles  Desmoulins  (B^dl.  Soc.  Linn.  Bordeaux,  1827) 
T^arded  the  Htppurites  and  Radiolites  as  a  peculiar  order  of  Mol- 
Insca,  comhining  the  attributes  of  the  Tunicates  and  Sessile  Cirri- 
pedes. 

These  tIcws  appeared  less  unreasonable  at  a  time  when  the  Cirri- 
pedes  were  supposed  to  be  Molluscous  animals.  Nevertheless^  this 
was  strongly  contested  by  M.  Deshayes,  and  by  M.  Sander  Rang,  who 
giyes  an  excellent  summary  of  the  arguments  on  both  sides,  in  his 
Manuel  €les  Mollusques  (1829).  He  terms  the  connection  of  the 
Hippurites  with  the  Cirripedes  and  Tunicates  **  an  unnatural  asso- 
ciation,'' and  says  that  the  arguments  tor  it  are  contrary  to  reason 
and  experience.  The  ceUularity  of  the  Hippurite  is,  like  that  of  a 
shell,  independent  of  the  animal,  and  not  like  the  tubes  of  a  Balanu^, 
which  are  occupied  (as  Cuvier  showed)  by  processes  of  the  mantle. 
The  shell  of  the  Balanus  is  conical,  and  consists  of  several  elements 
which  enlai^  independently.  Its  operculum  also  consists  of  several 
pieces ;  and  both  are  symmetrical  f . 

V.  Dr.  Carpenter,  in  his  "  Report  on  the  Strueture  of  Shells" 
{Trana.  Brit.  Assoc.  1845,  p.  15),  expressed  his  opinion  that  the 
Hippurites  were  intermediate  "between  the  Ostracea  and  sessile 
Baiam.'*  Dr.  Carpenter  informs  me  that  he  was  led  to  think  they 
could  not  be  bivalves,  on  account  of  their  openly  cellular  walls ;  but 
the  numerous  instances  of  strata  of  empty  cells  in  both  recent  and 
fossil  Oyster-shells  proves  that  this  character  cannot  be  relied  on  |. 

Sir  C.  Lyell  formerly  entertained  the  conviction  that  the  Radiolites 
Mortoni  of  Mantell  belonged  to  the  genus  Coma  {Mag.  Nat.  Hist. 
1836,  vol.  ix.  p.  104). 

YI.  Br.  Goldfuss,  at  the  conclusion  of  his  great  work,  Petref. 
Germ.  (1840),  describes  the  Hippurites  as  Brachiopoda,  placing 
them  next  to  Crania.  Some  of  the  di£Sculties  in  the  way  of  this 
view  were,  however,  unknown  at  the  time. 

The  essential  characters  of  the  Hippurites,  which  separate  it  from 
the  Brachiopoda,  are — 

1.  The  shell  is  composed  of  three  layers,  which  is  not  the  case 

in  any  Brachiopod. 

2.  The  prismatic-cellular  structure  is  like  that  of  Pinna  and 

JEtheria,  and  not  like  that  of  the  Brachiopoda. 

3.  No  Brachiopod  has  a  sub-nacreous  shell  with  water-chambers. 

*  The  shell^trQCture  of  the  AnelUdes  has  been  usually  described  from  prepara- 
tioDS  of  DentaHum  or  Vermetua,  both  of  which  are  Gasteropods. 

t  f^emtea  is  unsymmctrical,  only  because  a  portion  of  the  operculum  is  ce- 
mented to  the  shell,  indifferently  right  or  left  (Darwin).  TubieineUa,  the  only 
cylindrical  BakmMSt  is  so  from  its  peculiar  habitat,  in  the  skin  of  the  Whale ;  it  is 
conical  when  young,  bnt,  as  the  skin  of  the  Whale  wears  away,  the  TubicineUa 
also  sheds  the  summits  of  its  valves,  and  grows  downwards  deeper  and  deeper 
(Cray). 

X  Especially  the  recent  (ktrea  purpmta,  Gray,  and  the  fossil  0.  vnumlota  and 
O.hetUioaevuL 
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4.  The  upper  valve  has  a  different  structure  from  the  lower. 

5.  Each  valve  is  unsymmetrical. 

6.  The  valves  are  right  and  left, — ^not  dorsal  and  ventral. 

7.  They  are  articulated  hj  teeth  and  sockets, — which  is  not  the 

case  with  Crania ;  and  the  teeth  are  developed  from  the 
free  valve  ;— in  all  hinged  Brachiopods  the  teeth  are  in  the 
fixed  valve. 

8.  The  Hippuritida  had  a  lai^  internal  Hgament  (like  Spoi^ 

dylus)  for  opening  the  valves. 

9.  The  muscular  impressions  are  two  only. 

10.  The  so»called  ''vascular  impressions  "  are  on  the  rim  of  the 

shell,  not  in  the  disk,  as  in  Crania,  &c. 

1 1 .  The  Hippurites  have  a  distinct  pallial  line. 

YII.  M.  D*Orhigny  also  regards  the  Hippuritida  (including  Be- 
quienia)  as  Brachiopoda;  hut  he  does  not  place  them  with  the 
normal  Families,  or  even  with  Crania.  In  his  latest  work,  the  Cattn 
iUmentaire  (1849),  p.  90,  he  proposes  to  associate  them  with  the 
still-existing  genera  Argiope  and  Thecidinm,  under  the  term  "  Bra- 
chiopodes  cirrhides :  Cirrhidae,"  with  the  rank  of  a  Sub-order ;  and 
describes  them  as  having  no  oral  arms,  but  a  mantle  fringed  with 
long  cirriy  performing  the  function  of  the  brackia. 

When  Prof.  £.  Fon>es  returned  i^m  the  JBgean,  he  furnished  me 
with  specimens  of  Argiope  decoUata,  and  with  a  sketch,  from  me- 
mory, of  the  oral  arms  of  A.  cuneata.  In  some  of  these  specimens  I 
detected  a  well-developed  loop,  and  in  others  the  animal  itself.  Mr. 
Davidson,  who  examined  them  with  me,  has  published  our  drawings 
and  notes  in  the  **  Introduction "  to  his  Monograph.  There  is  no 
doubt  that  Argiope  is  very  nearly  allied  to  Terebratula,  the  differences 
having  reference  chiefly  to  the  minute  size  of  all  the  species.  Argiope 
has  drrated  oral  arms,  supported  by  a  distinct  loop ;  the  mande- 
margin  is  quite  simple.  We  could  not  ever  detect  the  presence  of 
8et€B,  such  as  exist  m  Terebratula  and  RkynchoneUa. 

We  have  also  seen  examples  of  the  recent  Theeidium  medHer- 
raneum,  which  differs  from  Terebratula  chiefly  in  being  fixed  by 
the  ventral  valve,  and  not  by  a  pedicle.  It  has  a  developed  loop, 
supporting  drrated  oral  arms,  ana  can  only  be  regarded  as  an  aberrant 
member  of  the  family  Terebratulida.  The  mantle-margin  is  quite 
simple. 

VlII.  Those  authors  who  have  regarded  the  Hippurites  as  Bi- 
valves, forming  a  distinct  Order  (Rudistd),  intermediate  between  the 
Pallio-  and  LameUi-branchiata,  viz.  Lamarck,  Blainville,  and  Rang. 

M.  Sander  Rang  adopted  this  opinion  on  account  of  the  difficulty 
of  reconciling  the  supposed  characters  of  the  Rudista  with  the  known 
characters  of  the  ordinary  ConcMfera,  He  could  not  account  for  the 
two  holes  in  the  lid  of  the  Hippurite,  and  the  ridges  {arites)  inside 
its  lower  valve. 

The  "holes "  in  the  upper  valve  are  only  found  in  a  few  spedes 
(H,  bi-oculatue  and  H.  dilatatus,  Defr.)  ;  they  are  mere  depressions, 
— points  at  which  the  lid  rests  on  the  two  posterior  inflections  of  the 
lower  valve. 
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The  *' ridges"  are  the  smallest  difficulty  m  the  structnre  of  the 
Hippurit^ — indeed  they  form  a  strong  point  of  analogy  with  Dieeras 
toia  Bequienia, 

IX.  Those  authors  who  have  regarded  the  Hippurites  as  true 
Lamellibranchiate  Biyalves  have  not  agreed  as  to  their  Family-rela- 
tionship. 

CuTier  placed  them  with  the  Oysters,  to  which  they  present  the 
strongest  analogies ;  but  from  wmch  they  differ  in  haying  two  ad- 
ductor muscles. 

Prof.  Owen  adopted  Cuyier's  view  generally  as  to  the  position  of 
the  Rudisies  amongst  the  Lamellibranchiata,  and  pointed  out  the 
difficulty  of  ascertaining  their  true  characters,  on  account  of  the 
general  absence  of  the  mner  layer  "  which  alone  receives  the  im- 
pressions of  the  soft  parts*.'' 

M.  Deshayes  in  his  latest  work  (TraiU  ilimentaire  de  Conchy- 
liolaffie,  Nov.  1848)  proposes  to  include  the  two  families  JEthente 
and  Rudistes  in  the  same  group, — thus  characterized :  "  Animaux 
irr^guliers  ;  manteau  ouverty  sans  siphons,  sans  perforations" 

I  am  indebted  to  Dr.  Gray  for  the  opportunity  of  examining  the 
remains  of  an  authentic  example  of  JSthiriOy  brought  from  the  Nile 
many  years  since  by  Sir  Grardner  WUkinson.  The  animal  is  entirely 
apodal.  The  body  (consisting  chiefly  of  the  mass  of  the  liyer)  has 
been  mistaken  for  a  foot ;  it  projects  backwards,  as  in  Linui  and  the 
Scsllop.  The  gills  are  subequal,  and  are  united  behind  the  body ; 
they  are  also  united  by  all  their  dorsal  border  to  the  body  and  mantle, 
so  as  to  leave  no  passage  into  the  dorsal  channel .  and  cloaca.  The 
palpi  are  of  a  form  peculiar  to  the  Iridina  of  the  Nile  and  some 
other  Unionid€B,  viz.  semi-oval,  attached  by  the  straight  side,  and  re- 
ceiving the  gills  between  their  ample  and  striated  inner  surfaces. 

Considering  the  freshwater  habitat  of  ^theria,  the  pearly  interior 
of  its  shell,  uie  absence  of  hinge-teeth,  and  its  analogies  with  the 
Uniomd€e,  I  cannot  but  r^ard  it  as  a  very  bad  type  for  comparison 
with  the  deep-sea  Hippuritida. 

Prof.  Quenstedt  (of  Tiibingen)  in  his  excellent  Handhuch  der 
Petrefaktenkunde  (1852),  has  placed  the  Hippurites  in  a  more 
natural  position,— between  the  Chamacea  and  the  CardiaaUef. 

They  resemble  Chama  in  being  fixed,  in  the  character  of  the  large 
adductor  impressions,  and  in  the  well-developed  hinge.  Three  of 
the  five  genera  further  resemble  it  in  the  spiranty  of  the  upper  valve. 
They  also  resemble  Dieeras  (a  member  of  the  Chamida)  in  the 
adductor  muscles  being  supported  by  prominent  plates. 

There  does  not  appear  to  me  to  be  any  evidence  that  the  mantle- 
lobes  of  the  Hippuritid4E  were  firee.  Important  as  that  character  is 
in  Malacology,  it  is  of  no  avail  to  the  Palaeontologist.  In  the  family 
MytUida  it  is  impossible  to  tell  by  the  shell  alone,  which  of  the  re- 

*  '  Lectiii«s  on  the  Invertebrate  Animals,'  1843,  p.  287. 

t  The  liSe  Prof.  B.  Forbes  also  adopted  this  view,  in  his  lectures  at  the  School 
of  Mines  in  1853,  after  examining  the  British  Museom  Collection,  as  he  ackDow- 
ledged  with  his  wonted  generosity.— Dec  30, 1854,  S.  P.  W. 
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cent  genera  have  a  closed  (m.  Dreissenaand  Modiolarea)  and  which 
have  an  open  mantle  (Modioh^t  Mytiltta), 


Description  of  New  Species. 

In  conclusion,  I  am  desirous  of  noticing  a  few  species  of  Hippnrite 
and  Radiolite  which  appear  to  he  new,  or  hitherto  insuffidenUj  de- 
scrihed ;  the  species  are  in  the  British  Museum. 

1.  Hippurites  Loftusi,  n.  sp.    PI.  III. 

Shell  inversely  conical,  or  elongated :  upper  valve  convex,  with 
ahout  twenty  rounded  ribs,  of  unequal  length,  radiating  from  the 
centre ;  pores  very  conspicuous,  ahout  one-third  the  diameter  of  the 
ribs  ;  canals  lai^,  opening  in  a  single  series  upon  the  inner  margin : 
lower  valve  furrowed  and  striated  lengthwise ;  ribs  about  twenty,  ob- 
scure, rounded ;  cardinal  side  with  a  few  prominent  lines  of  growth ; 
cardinal  furrows  three,  distinct ;  ligamental  inflection  deep ;  dental 
processes  and  pits  placed  across  the  interior. 

Length  4  inches  and  upwards  ;  diameter  2\  inches  and  more. 

This  species  belongs  to  the  typical  division  of  Hippuritet,  like 
H,  comu-vaccinum,  in  which  the  teeth  are  placed  at  right  angles  to 
the  hinge-line.  The  pores  in  the  upper  valve  are  larger  than  m  any 
species  I  am  ac(juainted  with ;  but,  as  names  derived  from  comparative 
cnaracters  are  madmissible,  I  propose  to  call  this  fossil  after  its  dis- 
coverer, Mr.W.  K.  Loftus,  who  obtained  it  with  the  three  following 
species  from  a  limestone  in  the  B^khtiy^  Mountainp  on  the  Tttrco- 

/n    TuUKtyi^    Asia.    S^^    -^  .J  ?4   ^»tt 

2.  Hippurites  colliciatus,  n.  sp.    PI.  TV.  fig.  5. 

Upper  valve  unknown :  lower  valve  conical,  furrowed  lengthwise 
by  about  twelve  unequal  rounded  channels,  divided  by  prominent  acute 
ribs  ;  cardinal  side  flattened,  with  a  small  rib  in  the  furrows  opposite 
the  inflections  ;  shell-wall  thick  (3-6  lines),  with  two  short  and  thick 
inflections  ;  no  ligamental  inflection ;  inner  shell-layer  thickened  in 
the  cardinal  region,  and  perforated  by  two  dental  pits  close  to  the 
side. 

Length  3  inches,  diameter  3  inches. 

This  species  agrees  with  H.  oculattta  and  radiosus  in  having  the 
interior  divided  by  only  two  duplicatures,  and  in  the  dental  pits 
being  close  to  the  shell-wall  in  front  of  the  adductor  inflection. 

Locality :  Fr^khtfjH  Mmir*f^nfT     Hc^Kim  Hiyo^-rt 

3.  Hippurites  corrugatus,  n.  sp.    PI.  IV.  fig.  4. 

Upper  valve  unknown  :  Unoer  valve  nearly  crlindrical,  with  about 
ten  deep  longitudinal  furrows,  divided  by  rounded  corrugations,  each 
with  several  small  ridges  and  striae,  slightly  tuberculated,  and  squa- 
mose  with  lines  of  growth ;  interior  furrowed  lengthwise ;  ligamental 
inflection  angular. 
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The  oorrugations  of  this  fossil  are  not  superficial  furrows,  but  are 
foldings  of  uie  shell-waD,  and  project  internally  almost  as  much  as 
the  hmge-inflections. 

T Yiij     1Titlih(fj<if  MMmiUiiiii     Hd^Kifn    Hho^yt 

4.  HiPPURITES  ▼S8ICUU)8U8,  U.  Sp.      PI.  IV.  fig.  6. 

Upper  valve  unknown :  lower  vahe  conical,  furrowed  lengthwise 
with  regular  shallow  grooves  (at  most  2  hues  wide)  ;  cardinal  inflec- 
tions scarcely  marked  eztenudly ;  outer  shell-wall  4  lines  thick  at 
meet ;  ligamental  inflection  deep  and  very  narrow ;  muscular  inflec- 
tion short,  round,  and  constricted ;  siphonal  inflection  deepest ;  inner 
shell-layer  composed  of  yesicular  plates. 

Length  (of  a  fragment  8  inches,  diameter  1^-4  inches. 

Locality:  WikhiiyiaA  iIeuRtoM»s    H^Hi^yk  Kh«ti 

5.  Radiolites  Mortoni,  Hantell  sp.    Fl.  V.  figs.  1,  2. 

Upper  valve  unknown :  lower  valve  found  usually  in  groups ;  in« 
venely  conical  or  elongated,  the  free  surfaces  ribbed  lengtnwise; 
ribs  narrow  (about  1  line  in  breadth),  subequal,  angular,  in  pairs  or 
groups ;  shell-wall  very  thick,  entirely  composed  of  lai^  and  re|;ular 
cells ;  rim  s%htly  inclined,  impressed  witn  a  few  nuliating  dicho* 
tomous  lines  in  which  the  cells  are  transversely  oblong  ;  inner  layer 
usually  wanting;  leaving  a  smooth  cavity,  originally  partitioned  off 
below  into  large  irregular  water-chambers,  and  furnisned  with  two 
striated  dental  pits,  close  to  the  side,  and  separated  by  a  wide  in- 
terval. 

Length  of  fragment  1  foot,  diameter  6  inches ;  shell-wall  2  inches 
thick. 

Found  in  the  Upper  and  Lower  Chalk  of  Kent  and  Sussex  *,  and 
in  the  Upper  Greensand  of  Cambridge  and  Warminster.  A  fragment 
of  the  rim  apparently  of  this  species,  from  Gosau,  measures  4  mches 
from  the  inner  to  the  outer  edge  (British  Museum).  The  Radiolitee 
Auslineneis  of  Dr.  F.  Romer,  from  Texas,  is  probably  identical 
(Romer's  Texas,  t.  6.  f.  1). 

Eadiolites  Mortoni  is  the  only  British  fossil  of  the  family  Hippu- 
rititUe  at  present  known;  it  was  noticed  in  1833  by  Br.  Mantell, 
in  his  <  Geology  of  the  South-East  of  England.'  In  1836  it  was 
again  figured  and  described  by  Mr.  Hudson  (as  a  Conia)  in  the 
'Magazine  of  Natural  History '  (vol. ix.  p.  104).  Several  figures 
are  ^ven  in  Ae  26th  Plate  of  Mr.  Dixon's  posthumous  *  Geology  of 
Sussex,'  but  these  figures  only  represent  the  general  form  and  mode 
of  aggregation,  and  there  is  no  accompanying  description. 

Dr.  J.  £.  Gray,  who  gave  an  account  of  these  fossils  in  the  '  Mar 
g;azine  of  Zoology,'  observed  the  OstretB  and  Spondyli  growing  far 
down  their  cavities,  and  remarked  that,  if  there  had  ever  been  an 
internal  shell-layer,  it  must  have  been  removed  whilst  they  were  still 
m  the  position  where  they  grew  on  the  bed  of  the  sea  t*     In  the 

*  Remaiiit  of  this  species  have  been  found  in  the  Chalk  at  Lewes,  in  Sussex, 
at  Pnrfleet,  Essex,  and  at  Gravesend,  Bnrham,  and  Lenham,  io  Kent, 
t  Mag^asine  of  Zoology  and  Botany,  1838,  vol.  ii.  p.  228. 
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specimen  of  B.  Mantelli  in  the  British  Museum,  small  Oysters  were 
attached  to  the  interior  at  least  10  inches  down  the  cavity.  I  find, 
however,  that  in  Dr.  Mantell's  specimens  a  portion  of  the  thin  na- 
creous layer  of  the  RadioUte  is  preserved  heneath  these  parasitic 
bivalves. 

A  very  instructive  specimen  of  J?.  Martont  has  lately  been  ob- 
tained by  Mr.  Matthew  Wright  from  the  Upper  Chalk  of  Kent* 
(PL  y.  fig.  1).  It  consists  of  the  upper  portion  of  a  large  cylindrical 
example,  measuring  6  inches  across ;  the  cellular  tissue  is  empty, 
except  in  two  places  where  nodules  of  flint  seem  to  grow  from  it ; 
and  the  rim  is  broken,  and  incrusted  with  Oysters.  The  cavity  is 
oval,  and  occupied  at  the  lower  end  by  a  mould  of  indurated  chalk, 
rather  smaller  than  the  cavity ;  the  spac^  between,  from  \  line  to 
3  lines,  was  filled  with  very  soft  ferruginous  chalk,  representing  the 
inner  layer  of  sheU.  On  one  side  of  the  mould  are  two  pairs  of 
longitudinal  furrows,  indicating  projections  from  the  shell-wall,  which 
originally  received  the  dental  processes  of  the  upper  valve.  Part  of 
this  mould  has  been  detached,  and  a  reduced  side-view  of  it  is  eiven 
in  PI.  v.  fig.  2.  It  is  divided  into  joints  by  partings  of  soft  chalk, 
replacing  the  septa  of  the  water-chambers.  These  septa,  as  well  as 
the  outer  wall,  had  been  perforated  by  CUarue, 

The  upper  end  of  Mr.  Wright's  fossil  was  filled  with  soft  white 
chalk,  on  removing  which  with  great  care  several  Oysters  and  Span- 
dyli  were  found  to  have  grown  inside,  "in  places  where  the  nacreous 
layer  was  less  than  half  a  line  in  thickness.  One  of  the  ^^ondyli 
bends  outwards  just  at  the  point  where  the  anterior  dental  socket 
is  still  indicated.  The  dental  sockets  are  grooved,  as  in  i^.  mamimil' 
laris  (fig.  10),  but  are  situated  close  to  the  shell-wall,  and  at  some 
distance  apart,  as  in  J?,  calceolaicles.  This  species,  R.  Mortani,  is 
most  nearly  alUed  to  R,  comu-pastoris,  Desm.,  the  tvpe  of  IVOr- 
bigny's  genus  Bi-radiolitea^  a  section  the  value  of  whicn  is  not  yet 
known. 

6.  Radiolites  Mantelli,  n.  sp.    PI.  Y.  fig.  4. 

SheU  elongated,  grouped,  furrowed  and  striated  lengthwise;  frmrows 
large,  rounded,  divided  by  acute  ribs ;  rim  steeply  inclined,  radiately 
striated,  cellular  near  the  inner  margin;  shell-wall  thick,  finely 
laminated,  the  laminee  divided  vertically  by  very  dose  radiating 
plates,  passing  into  minute  cells  near  the  interior  ;  interior  smooth, 
marked  by  lines  of  growth  and  a  narrow  ligamental  furrow :  inner 
layer  wanting.     Upper  valve  unknown. 

Length  of  fragment  10  inches. 

This  species  occurs  in  the  Upper  Greensand  of  Cap  la  Heve,  near 
Havre ;  it  is  very  distinct  frx)m  any  species  described  by  M.  D'Or- 
bigny,  and  being  likely  to  occur  in  England,  I  have  noticed  it  here, 
and  named  it  after  the  distinguished  geologist  who  first  discovered 
Radiolites  in  this  country. 

*  Mr.  M.  Wright  has  obligingly  informed  me  that  this  specimen  was  found  in 
the  Upper  Chalk  in  the  quarry  to  the  west  of  and  contiguous  to  the  Roahernlle 
Gardens,  in  a  horizontal  layer  of  flints,  at  about  30  feet  from  the  surface. 
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EXPLANATION  OP  PLATES  IIL  IV.  V. 
Plats  III. 
Kg.  1.  Hippnrites  Loftnai, «.  ^.,  i  natonl  size. 
Fig.  2.  A  imall  portion  of  the  upper  Talve,  natural  size* 
Kg.  3b  Thmsverse  section  of  the  lower  Talve,  reddced. 
Rg.  4.  Interior  of  the  upper  valve,  natural  size. 

lfm,n.  Inflectiont  of  the  outer  shell-waU. 

d.  Outer  sheU-wall»  with  tubular  structure. 

e.  Inner  layer  of  shell,  with  laminated  structure. 
/,  /'.  Teethy  or  dental  processes,  of  upper  valve. 
u,  Umboual  cavity. 

e.  Ligamental  pit. 

9, «.  PortioDs  of  the  longitudinal  ridges  (inflections)  of  the  lower 

valve,  broken  off  and  remaining  adherent  to  the  upper  valve. 

The  arrows  indicate  the  supposed  direction  of  the  alimentary 

canal  and  branchial  currents. 

Plate  IV. 
Fig.  1.  Eadiolites  cylindnceus,  DetmouUtu ;  upper  half  of  a  longitudinal  section, 
in  the  cabinet  of  Mr.  Sharpe. 

a,  a'.  Adductor  processes  of  upper  valve. 

bt  b.  Superficial  layer  of  shell,  rarely  preserved. 

d,  d.  Principal,  or  cellular,  layer  of  shelL 

e,  e.  Internal,  or  subnacreous,  layer,  replaced  by  spar. 

FSg.  2.  Hippuritee  comu-vaccinnm,  Brtmn ;  reduced.  Transverse  section  of  the 
lower  valve :  from  a  specimen  granting  the  outer  sheO-vrall ;  and  Fig.  3. 
Section  of  the  same  specimen,  lower  down. 

/,  m,  n.  Inflections  of  the  outer  shell-wall  (<f). 

0.  Inner  layer,  with  finely  laminated  structure. 
tu  Position  of  anterior  adductor. 

«".  Posterior  adductor-process. 
/,  f.  Dental  processes  of  upper  valve. 
Fig.  4.  Hippnrites  cormgatus, «.  9p,    Transverse  section  of  lower  valve ;  the  in- 
terior obscured  by  crystJUzation. 
Fig.  5.  Hippnrites  colliciatua, «.  tp.    Transverse  section  of  lower  valve ;  /,  ^,  den- 
tal pits. 
Fig.  6.  Hippnrites  vesiculoins,  n.  9.    Transverse  section  of  lower  valve ;  the  in- 
terior partly  metamorphosed. 
N3.  The  letters  in  figs.  4,  5,  &  6  have  the  same  meaning  as  in  figs.  2  &  3. 

Plate  V. 
Fig.  1.  Eadiolites  Mortoni,  Maniett ;  reduced.    A  considerable  portion  of  a  lower 
valve,  seen  from  below.    In  the  collection  of  Matthew  Wright,  Esq.,  of 
Stoke  Newington. 

X,  X,  X.  Surfisces  from  which  other  individuals  have  been  detached. 
V,  9.  "  Vascular  "  markings  on  the  rim  of  the  shelL 
Fig.  2.  Internal  mould  (of  the  same  specimen)  composed  of  hard  chalk,  represent- 
ing some  of  the  water-chambers  of  the  original  shell,  perforated  by 
Ouma,    (See  fig.  1.) 

r,  r.  Joints  produced  by  the  decomposition  of  the  septa, 
a,  ef.  Furrows  produced  by  the  adductor-ridges. 
/,  f.  Furrows  produced  by  the  dental  ridges. 
(These  letters  refer  to  both  figures.) 
Fig.  3.  Eadiolites  acutus.  If  Orb,    Interior  of  an  upper  valve,  presented  to  the 
British  Museum  by  S.  P.  Pratt,  Esq.   The  inner  shell-layer  vrith  its  pro- 
cesses is  entirely  vranting;  l^  the  ligamental  inflection,  showing  that  the 
umbo  was  marginal  in  the  young  sheU. 
Fig.  4.  Eadiolites  Mantdli,  «.  tp*    From  the  Upper  Greensand  of  Cap  la  HSve. 
Fragments  consisting  of  portions  of  two  lower  valves,  adherent. 

1.  Inner  surface,  wanting  the  inner  layer. 
I.  Ligamental  Une. 

e.  External  surface. 
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Additional  Observations  on  the  Occurrence  o/^  Pipes  and  Furrows 

in  Calcareous  arid  Non-calcareous  Strata*. 

By  J.  Trimmer,  Esq.,  F.6.S. 

[Read  June  21,  I854t.] 

The  following  obserrations,  which  are  necessai^  for  the  ftill  under- 
standing of  the  views  I  have  taken  on  the  origm  of  sand-pipes  and 
furrows  in  and  on  the  surface  of  strata,  are  offered  in  support  of  some 
positions  I  have  taken  in  my  former  papers  on  the  subject,  and  which, 
from  their  not  having  been  fully  elucidated,  require  some  explanatory 
remarks  in  their  defence. 

1.  It  was  not  my  intention  to  assert  in  a  former  paper  |  *'0n  Pipes 
and  Sand-galls  in  the  Chalk  of  Kent"  that  the  Thanet  Sands  are  cal- 
careous, as  Mr.  Ptestwich  has  been  very  naturally  led  to  infer  in  his 
memoir  read  before  the  Society,  Jan.  18,  1854,  from  the  expression, 
''The  sand  with  which  the  pipes  are  filled  contains  much  calcareous 
matter."  This  calcareous  matter  was  chalk,  redeposited  near  the 
lining  of  the  pipe  from  water  charged  with  bicarbonate  of  lime. 
Having  sent  a  specimen  of  it  with  the  paper,  I  did  not  think  it  ne- 
cessary to  enter  into  fuller  explanations. 

2.  I  have  stated  §  that  I  saw  miniature  pipes  actually  forming  by 
the  mechanical  action  of  water  on  blocks  of  siUceous  sandstone,  on 
the  sea-shore  near  Reculver.  Mr.  Prestwich  repHes,  that  this  sand- 
stone contains  some  carbonate  of  lime.  It  appears  by  Mr.  Prest- 
wich's  papers  II  on  the  Eocene  Tertiaries,  that  the  cliffs  at  Reculver 
yield  two  sandstones,  the  one  belonging  to  the  Thanet  Sands,  the 
other  to  the  London  Clay  series, — the  former  calcareous,  the  latter 
but  slightly  so.  On  blocks  of  one  of  these,  I  saw  the  flux  and  reflux  of 
the  waves  drilling  small  cavities,  analogous  to  the  pipes  in  the  chalk. 
Mechanical  action  may  take  place  on  calcareous  as  well  as  non- 
calcareous  rocks;  and  it  is  no  proof  that  the  mechanical  action  which 
I  saw  in  actual  operation  was  chemical  action,  even  if  the  stone  on 
which  it  was  taking  place  effervesces  in  an  acid. 

3.  With  respect  to  the  blocks  scattered  about  the  neighbourhood 
of  Faversham,  on  which  there  are  furrows  and  pipes  simOar  to  those 
of  the  chalk,  though  of  smaller  dimensions,  and  which  I  regard  as 
the  completion  of  the  process  which  I  saw  in  operation  on  the  sea- 
shore, Mr.  Prestwich  admits  the  blocks  to  be  siliceous,  but  considers 
the  fiirrows  and  cavities  to  be  the  result  of  concretionary  structure. 
This  is  a  point  which  I  am  content  to  leave  to  the  verdict  or  geologists. 
Even,  however,  if  in  this  case  the  appearances  on  these  blocks  are  of 
concretionary  origin,  it  is  an  undoubted  fact  that  pipes  are  seen  oc- 
casionally on  siUceous  rocks,  those  of  the  Greensand  for  instance,  and 
even  in  sand  and  gravel. 

*  See  Quart.  Joum.  Geol.  Soc.  No.  39.  p.  231. 

t  For  the  other  Commonications  read  at  this  Evening  Meeting,  see  vol.  x. 
p.454.« 
X  Quart.  Joum.  Geol.  Soc.  vol.  i.  p.  300>  &c 
§  Proc.  Geol.  Soc.  vol.  iv.  p.  7. 
II  Quart.  Joum.  Geol.  Soc.  vol.  viii.  p.  243,  &c.  and  voL  x.  p.  125. 
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Mr.  Prestvnch  exhibited  sections  of  furrows  in  claj,  which  he 
ascribes  to  the  mechanical  action  of  water.  But  similar  furrows  in 
chalk  are  so  intimately  associated  with  pipes,  that  they  must  have 
had  a  common  origin ;  and,  if  the  mechanical  action  of  water  be  ca- 
pable of  producing  both  pipes  and  furrows,  why  should  we  suppose 
two  different  causes  to  have  been  acting  in  close  contiguity  for  the 
production  of  effects  to  which  one  of  them  is  adequate? 

4.  It  has  been  objected  that  the  yorticose  action  of  water  would 
not  drill  a  hole  so  deep  in  proportion  to  its  diameter,  as  the  pipes 
in  the  chalk.  In  order  to  test  the  validity  of  this  objection,  I  filled 
a  precipitating  jar,  14  inches  deep  by  2|^  in  diameter,  with  water, 
putting  a  little  sand  at  the  bottom.  These  proportions  are,  in  this 
case,  nearly  the  same  as  those  of  a  pipe  4  feet  in  diameter,  and  24 
feet  deep.  On  stirring  the  water  to  tne  depth  of  less  than  half  an 
inch,  the  whirlpool  thus  formed  speedily  extended  to  the  bottom  of 
the  jar,  and  set  the  sand  in  motion.  This  action  of  water  would  of 
itself  be  capable  of  removing  so  soft  a  substance  as  chalk,  even  with- 
out the  aid  of  sand  and  pebbles,  leaving  the  flints  undetachled  and 
unabraded.  The  objection  is  thus  obviated  which  has  been  raised 
against  my  vievra^  from  the  general  condition  and  position  of  the  flints 
in  the  pipes  of  the  chalk  which  are  imabraded  and  on  the  sides  of 
the  cavity,  instead  of  water-worn  and  at  the  bottom  of  it. 

5.  It  has  also  been  objected,  that  if  water  in  vorticose  motion  were 
capable  of  boring  the  pipe,  it  could  not  rempve  the  excavated  matter. 
When  I  saw  similar  cavities  forming  on  a  chalky  shore  by  the  flux 
and  reflux  of  the  waves,  the  chalk  removed  in  the  process  of  ex- 
cavation was  flowing  out  of  the  cavity  in  a  milky  stream.  Whoever 
will  take  the  trouble  of  repeating  the  experiment  which  I  have  de- 
scribed above,  will  find  that  the  vorticose  motion,  produced  in  the 
water  of  the  precipitating  jar,  raises  the  finely  comminuted  particles 
of  sand  from  the  bottom  to  the  upper  part  of  the  vessel ;  and  if  the 
bottom  of  the  whirlpool  acted  upon  chalk  instead  of  on  glass,  and  if 
the  mouth  of  the  pipe  were  immersed  beneath  a  stream  of  water, 
not  only  would  a  deep  and  narrow  hole  be  bored  in  the  chalk,  but 
the  hole  would  be  cleared  of  the  waste  as  the  drilling  of  it  pro- 
ceeded. 

My  papers  on  the  subject  of  pipes  in  chalk  have  been  directed  against 
the  doctrine  promulgated  by  Sir  Charles  Lyell,  that  these  cavities 
are  now  in  the  course  of  formation  by  the  chemical  action  of  rain- 
water charged  with  carbonic  acid  and  percolating  the  strata  above 
them,  which  are  supposed  to  have  subsided,  and  to  be  subsiding  into 
the  cavities.  I  have  endeavoured  to  prove  that  their  formation  was 
completed  before  the  matter  filling  and  coverinff  them  was  deposited. 

The  views  of  Mr.  Prestwich  so  &r  coindde  with  those  of  Sir 
Charles  Lyell,  that  he  attributes  the  formation  of  the  pipes  to  the 
solution  of  the  chalk  by  acidulated  water,  after  the  deposition  of  the 
strata  above  them.  Me  considers,  however,  that  they  were  formed 
under  different  conditions  of  level  from  the  present ;  and  that  the 
operation  is  not  now  in  progress,  except  in  the  case  of  swallow-holes. 
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In  the  preceding  remarks  I  have  confined  myself  to  a  defence  of 
my  own  conclusions.  The  only  objection  which  I  shall  advance  at 
present  against  the  theory  of  Mr.  Prestwich  is,  that  while  it  supposes 
the  cavities  to  have  been  filled  by  the  subsidence  of  strata  horizontally 
deposited  before  the  formation  of  the  pipes,  some  of  his  sections  show 
a  band  of  clay  containing  green  flmts  at  tne  base  of  those  strata,  which 
is  continuous  between  the  pipes  and  on  the  sides  of  the  cavities.  I^ 
therefore,  its  position  within  the  cavity  is  the  result  of  subsidence, 
and  not  an  original  condition  of  deposit,  that  portion  which  or^;inally 
extended  over  the  mouth  of  the  cavity  now  covers  an  area  within  it 
much  more  extensive  than  any  over  wnich  it  could  have  been  spread 
without  such  a  d^ee  of  stretching  as  would  have  been  inconsistent 
with  the  continuity  of  the  band,  and  of  which  it  exhibits  no  evidence. 


On  the  Origin  of  the  Sand-  and  Gravel-Pipes  tn  the  Chalk  of 
the  liONDON  Tertiary  District.  By  Joseph  Prestwich, 
Jun.,  Esq.,  F.R.S.,  F.G.S. 

[This  paper  was  read  Januaiy  18, 1854*.] 
[Plate  VI.] 
$  1.  Introduction, 
The  peculiar  funnel-  and^  shaft-shaped  cavities,  so  common  in  many 
places  on  the  surface  of  calcareous  rocks,  sometimes  only  a  few  feet 
but  not  unfirequently  many  yards  deep,  and  filled  with  sand,  irravel, 
and  loam  belonging  to  deposits  of  various  subsequent  dates,  form  a 
very  remarkable  geological  feature,  especially  in  Chalk  districts. 
They  have  long  been  the  object  of  occasional  attention,  and  various 
suggestions  have  been  made  to  account  for  their  origin.  The  ez- 
pluiations,  however,  have  mostly  had  reference  only  to  the  mode  in 
which  these  cavities  could  have  heen  excavated,  and  have  not  often 
embraced  any  general  view  of  the  conditions  which  led  to  the  wide- 
spread operation  of  the  required  causes.  The  Chalk  district  around 
London  is  peculiarly  favourable  for  the  study  of  this  phsenomenon ; 
and  my  obiect  in  the  following  pages  is  to  endeavour  to  determine 
the  general  law  which  has  led  to  a  result  so  common  here,  and  so 
universal  in  almost  all  calcareous  districts. 

Cuvier  and  Brongniartf  make  frequent  mention  of  sand-pipes  {puits 
natureU)  in  the  Chalk  and  the  Calcaire  grouiery  ascribe  their  origin 
to  the  percolation  of  water,  and  show  that  they  belonged  to  different 
geological  periods.  Of  the  exact  mode  of  operation,  or  the  causes 
which  produced  the  phsenomena,  they  offered  no  explanation. 

These  general  views,  as  guiding  the  line  of  argument,  have,  with 
few  exceptions,  been  usualiv  received  by  geologists.  Amoi^t  others 
M.  Passyt,  in  describing  tne  Chalk  district  of  Normandy,  alluded  to 

*  For  the  other  commanicationB  read  at  this  Eyening  Meeting,  see  Quart. 
Journ.  GeoL  See.  vol.  z.  p.  231  et  teg, 
t  Description  g^gnostique  des  Environs  de  Paris,  edit.  1822,  p.  76, 134, 141. 
t  Desc.  g^ogn.  da  D^pt.  de  la  Seine  inf^eure,  p.  139. 
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the  grayel-pipes,  and  briefly  ascribed  their  origin  to  the  eroding 
action  of  water  percolating  through  the  gravel  or  sand. 

In  August  1839  Dr.  Buckland*  read  a  paper  before  the  British 
Association,  in  which  he  described  several  of  these  pipes  in 
the  neighbourhood  of  London,  and  expressed  an  opinion  that  they 
were  due  to  the  action  of  water,  holding  carbonic  acid  in  solution, 
constantly  percolating  through  the  same  cavity,  dissolving  the  chalk, 
and  letting  down  the  superincumbent  sand  or  gravel. 
I  Sir  Charles  Lyellf,  in  a  paper  on  the  "  Sand-pipes  "  in  the  Chalk 
near  Norwich,  expressed  a  similar  opinion,  gave  some  very  illustrative 
examples  in  support  of  that  view,  and  concluded  that  these  cavities  were 
"due  to  rain-water  impregnated  with  carbonic  acid  from  the  atmo- 
sphere and  vegetable  soil,  and  descending  into  pits  or  furrows  which 
may  have  existed  on  the  surface  of  the  Chalk,"  and  *'  that  the  excar 
vation  and  filhng-up  of  the  pipes  were  gradual  and  contemporaneous 
processes."  Sir  Charles  further  considered  *'  that  land  consisting  of 
Chalk  covered  by  Crag  was  first  laid  dry  before  the  origin  of  the 
sand-pipes,"  and  "  that  the  denudation  which  gave  the  district  its 
actual  valleys  "  must  have  taken  place  subsequently. 

In  opposition  to  this,  if  it  may  be  so  termed,  chemical  theory, 
lir.  Trimmer^  has  come  to  the  conclusion  that  both  in  Kent  and 
Norfolk  the  sand-  and  gravel-pipes  in  the  Chalk  are  to  be  attributed  to 
the  mechanical  action  of  the  breaking  of  the  sea  on  a  low  shore 
antecedent  to  the  formation  of  the  deposit  with  the  materials  of 
which  the  pipes  are  fiUed.  In  corroboration  of  this  opinion,  Mr. 
Trimmer  states  that  the  pipes  are  vertical  terminations  to  horizontal 
furrows  on  the  surface  of  the  chalk ;  that  many  of  the  flints  in  the 
pipes  are  water-worn ;  that  the  apices  of  the  pipes  are  3  or  4 
inches  broad,  and  not  pointed ;  that  certain  blocks  of  Tertiary  sand- 
stones on  the  shores  near  the  Reculvers  are  marked  b^  like  pipes  and 
furrows,  though  of  smaller  dimensions  (only  a  few  inches  deep  and 
wide) ;  whence,  as  those  sandstones  are  nliceous,  the  excavations  on 
them  could  not  have  been  formed  by  the  action  of  acidulated  water ; 
and  further,  that  near  Canterbury  the  sands  with  which  the  pipes 
are  filled  contain  much  calcareous  matter,  and  consequently  that  any 
carbonic  acid  in  the  water  must  have  been  saturated  by  it  before  it 
could  have  reached  the  Chalk.  He  therefore  suggested  that  it  must 
have  been  mainly  by  the  action  of  the  waves,  charged  with  sand  and 
small  pebbles,  wearing  furrows  and  hollows  on  the  surface,  and  then, 
hv  the  rotatory  motion  communicated  to  the  water,  sand,  and  peb- 
bles in  these  hollows  by  the  influx  and  reflux  of  the  waves,  that 
these  pipes  were  drilled.  Further,  Mr.  Trimmer  mentions  that  the 
sand-  and  gravel-pipes  are  confined  to  the  edges  of  the  seas  preceding^ 
the  spread  of  the  materials,  whether  eocene  sands,  crag,  or  drift- 
gravel  and  sand,  which  ultimately  filled  up  these  excavations. 

Other  theories  have  been  subsequently  expounded  by  M.  Leblanc 

*  Tnuis.  Brit.  Assoc,  for  1839,  Sect.  p.  76. 
t  L.  and  E.  Phil.  Mag.  3rd  Ser.  vol.  xv.  p.  257,  Oct.  1839. 
t  Proc.  GeoL  Soc.  1846,  vol.  iii.  p.  185 ;  1842,  vol.  i?.  p.  6.    Quart.  Joum. 
teL  Soc.  1844,  voL  L  p.  300 ;  1852,  vol.  ^ilL  p.  273. 
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and  M.  Melleville.  These  geolo^ts  argue,  chiefly  from  the  lenti- 
cular shape  and  chemical  composition  of  seyeral  of  the  large  rock- 
masses  composing  the  French  Tertiary  series,  and  from  die  conr 
nexion  of  the  pipes  with  the  several  rock-masses  in  which  thej  end 
upwards,  that  such  cavities  are  old  channels  connected  with  subter- 
ranean sources  by  which  water  charged  with  calcareous  matter,  with 
sulphate  of  lime,  with  sand,  or  with  mud,  has  been  ejected  from  be- 
neath at  one  time  into  the  sea  of  the  Paris  Tertiary  basin,  and  at  others 
into  its  lakes.  M.  Leblanc*  connects  this  process  with  some  former 
operation  like  that  of  existing  hot-springs,  whilst  M.  MeUerillef  gi^o 
a  section  showinff  that  when  the  French  Tertiary  area  was  covered  by 
the  sea,  the  older  and  deeper-seated  deposits  beneath  it,  cropping 
out  on  high  ground  inland,  might  conduct  waters  through  any  per- 
meable strata  down  beneath  that  sea,  and  into  which  the  waters  tnen 
rose  through  these  vertical  channels  (putts  natureU),  chafed  with 
the  materials,  soluble  and  insoluble,  collected  during  their  subterra- 
nean course. 

Other  geologists,  again,  have  referred  the  sand-  and  gravel-pipes 
to  the  former  action  of  brooks  and  streams,  analogous  to  that  by 
which  swallow-holes  are  now  excavated  in  chalk  f  and  limestone 
districts ;  in  such  a  case  the  filling  up  of  the  cavities  would  be  caused 
by  subsequent  changes  brought  about  upon  the  surface  of  the  land. 
That  such  swallow-holes  must  have  existed  at  all  periods  cannot  be 
doubted ;  but  the  phaenomena  which  they  present  will  hardly  agree 
with  that  presented  by  the  sand-  and  gravel-pipes :  the  one  evidently 
depends  solely  upon  the  action  of  running  surface-water,  and  always 
exposes  open  cavities,  whereas  the  other  is  always  in  connexion  wiui, 
and  dependent  upon,  some  overlying  stratum  deposited  before  and 
not  after  the  excavation  of  the  pipes, — are  cavities  formed,  as  it  were, 
under  cover. 

With  regard  to  the  theory  of  ejectment,  it  is  attended  with  great 
difliculties,  and,  the  hypothesis  which  I  have  to  suggest  being  based 
upon  the  very  reverse  action  of  injectment,  I  will  not  stop  to  discuss 
it  separately,  as  the  argument  brought  forward  in  the  following  psgea 
will,  if  true,  render  this  other  theory  inapplicable  in  this  particiuar 
case  §.  As  Mr.  Trimmer's  views,  however,  will  not  be  subject  to  this 
antagonistic  argument,  I  must  notice  them  in  greater  detail,  the 
more  especially  as  his  observations  are  numerous  and  his  hcia  are 
carefully  recorded,  though  I  cannot  agree  in  the  conclusion  whidi 
he  h^s  drawn  from  them. 

1st.  As  to  the  connexion  of  fiirrows  on  the  surface  of  the  Chalk 
with  the  pipes.  This  is  an  argument  which  suits  the  hypothesis  of 
the  chemical  theory  as  well  as  his  own ;  for  a  constant  slow  current 
passing  from  the  superincumbent  strata  into  the  pipe  must,  as  it  is 
presumed  to  wear  the  pipe,  wear  furrows  in  the  dialk  before  reaching 

*  Bull.  Soc  G^L  de  Fwuicc,  voL  liu.  p.  360, 1842. 
.v"^  J**'^  T?^*  ^^-  P-  ^^*'  *®^^-    See  also  Forchhammer  on  the  tabalar  pipes  in 
the  Faxoe  Chalk.  Quart.  Journ.  Geol.  Soc.  vol  vi.  part  2.  Miscel.  p.  52. 

J  Quart.  Joum.  Geol.  Soc  vol.  x.  p.  222. 

§  Not  but  that  there  may  be  casei  in  which  such  an  agency  may  be  applicable. 
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the  pipe,  as  well,  or  I  should  conceiye,  better  than  the  action  of  the 
sea  on  a  shore ;  for  in  the  former  case  the  water  would  keep  to  any 
giTen  channel  more  constantly  than  in  the  latter. 

2nd.  Mr.  Trimmer  states  that  many  of  the  flints  are  water-worn. 
This  is  not  sufficient :  the  majority,  or  rather  all  those  at  the  bottom 
of  the  pipe,  should  be  water-worn,  and  all  should  show  more  or  less 
wear ;  whereas  the  majority  in  general,  and  those  especially  on  the 
sides  and  at  the  bottom,  are  decidedly  not  at  all  water-worn ;  on 
the  contrary,  they  are  always  at  least  as  sharp  and  angular  as  those  in 
the  superincumbent  strata,  and  often  as  those  in  the  Chalk  itself. 
That  flint  pebbles  and  worn  subangular  flints  do  occur  in  these  pipes, 
cannot  be  doubted ;  but  the  former  are  derived  from  the  Tertiary 
strata  (a  fact  to  which  Mr.  Trimmer  himself  makes  allusion),  and 
the  latter  are  from  some  of  the  beds  of  drift-grayel. 

drd.  When  we  consider  that  these  pipes  are  often  20,  40,  or 
eren  60  feet  or  more  deep,  with  an  average  diameter  varying  horn 
about  \io^oi  their  depth,  an  apex  of  3  to  4  inches  (it  is  sometimes 
more  and  sometimes  less  than  that)  can  hardly  be  objected  to  as  not 
beuog  such  a  point  as  we  might  expect  to  be  caused  by  the  infiltration 
of  water.  If  the  water  escaped  through  a  single  point  only,  as  in 
the  tube  of  a  funnel,  the  argument  would  be  good ;  but  as  the  whole 
body  of  chalk  is  porous  and  soluble,  we  can  readily  conceive  the 
apex  of  the  tube  to  be  more  or  less  sharp  or  blunted  according  to 
various  conditions  of  the  chalk.  The  chalk,  in  fact,  is  the  filtering 
material  and  not  merely  the  filter-holder,  and  the  water  passes  in  a 
body  downwards  by  the  ordinary  laws  of  hydraulics,  and  is  not  other- 
wise directed  by  any  mechanical  arrangement  to  one  particular  point. 

4  th.  Mr.  Trimmer  states  that  the  Tertiary  sandstones  on  the 
shore  at  the  Reculvers  are  not  calcareous,  and  that  they,  as  well  as 
other  blocks  scattered  over  North  Kent,  show  traces  of  hollows  worn 
out  by  the  sea.  On  this  point  there  is  apparently  some  mistake 
with  respect  to  the  Reculver  sandstones,  for  I  have  found  them 
readily  acted  upon  by  dilute  adds  and  containing  a  considerable 
proportion  of  carbonate  of  lime ;  those,  however,  scattered  over  the 
surtece  near  Faversham  are  certainly  purely  siliceous,  but  then  also 
they  are  concretionary,  and  as  usual  in  such  cases  they  present 
very  irT^;ular  and  often  mammillated  surfaces,  with  numerous  small 
natural  hollows  and  cavities  on  either  side.  But  even  if  these  latter 
were  holes  worn  by  subsequent  sea-action,  I  do  not  see  the  force  of 
the  argument  which  compares  indentations  and  ftirrows  to  be  mear 
mred  by  indies  with  the  comparatively  gigantic  ones  we  are  dealing 
with  in  the  Chalk. 

5th.  The  Thanet  Sands  near  Canterbury  can  scarcely  be  called  in 
any  degree  calcareous.  I  have  examined  several  specimens,  not  only 
fitnn  that  locality  but  also  from  other  parts  of  Kent,  and  have  found 
that  the  great  majority  of  them,  especially  those  forming  the  lower 
beds  of  this  deposit,  show  scarcely  a  trace  of  carbonate  of  lime,  and 
that  they  are  composed  essentially  of  siliceous  sands  more  or  less 
argillaceous .  The  shells  which  occasionally  occur  in  some  of  the  upper 
beds  of  these  sands  near  Canterbury  have  almost  all  been  dissolved 
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out  by  the  percolation  of  water,  leaving  merely  casts  in  the  semi- 
indurated  sand. 

In  support  of  the  foregoing  ailments,  I  would  further  obserye 
that  the  sand-pipes  do  not,  any  more  than  the  grayel-pipes,  appear 
to  be  confined  to  any  particular  zone  or  belt  marking  ancient  coast- 
Unes.  Taking  first  the  Thanet  Sands.  The  outcrop  of  these  beds 
extends  from  Ramsgate  to  Deptford,  with  a  width  generaUy  (taking 
the  detached  outliers)  of  five  or  six  miles,  and  often  of  ten  to 
twelve.  Sand-pipes  are  common  across  the  breadth  as  well  as 
along  the  length  of  this  tract,  which  can  hardly  be  reduced  to  the 
compass  of  a  beach-line.  Besides,  there  is  no  appearance  anywhere 
of  beach-action.  The  structure  of  the  sands  is  throughout  uniform, 
and  the  same  in,  over,  and  around  the  sand-pipes.  The  same 
argument  applies  with  greater  force  to  the  gravel,  which  has  a  still 
longer  and  broader  extension.  Lastly,  I  can  readily  conceive  small 
indentations  and  furrows  to  be  worn  by  river  or  sea-shore  action  *,  but 
I  cannot  imagine  the  possibility  of  hollows,  sometimes  almost  as  narrow 
and  as  straight  as  an  inverted  chimney-shaft,  to  have  been  formed  by 
any  such  operations:  the  sea^action  might  form  broad  saucer  or  cup- 
shaped  hollows  above  low-water  level,  but  it  could  never  drill  cylin- 
drical holes  40,  60,  or  80  feet  deep,  for  at  such  a  depth  they 
would  in  all  probability  be  in  greater  part  far  below  low-water  mark, 
and  therefore  below  a  permanent  water-level,  where  tidal  water  action 
would  necessarilv  cease,  and  their  excavation  by  the  operation  of 
wave-action  would  become  therefore  a  physical  impossibilitY.  Also 
such  sea-shore  hollows  would  contain  within  themselves  the 
instruments  which  had  worked  them  out,  and  the  deeper  they  woe 
the  more  rounded  and  worn  would  be  the  pebbles.  These  again 
would  differ  from  the  material  subsequently  washed  into  these 
cavities,  and  which  material  in  that  case  would  consist  of  the  first 
sediment  subseouently  spread  over  that  spot ;  whereas,  as  a  rule,  no 
distinct  accumulation  of  worn  pebbles  is  found  at  the  bottom  of  the 
pipes,  the  contents  of  which  are  always  similar  in  lithological  structure 
to  the  material  forming  the  general  superincumbent  mass,  and  are 
composed,  not  of  successive  additions  horizontally  superimposed  and 
derived  only  from  the  same  sediment  as  the  layer  next  upon  the 
chalk,  but  of  all  the  layers  successively  superimposed ;  and  an  in- 
verted cone  is  thus  formed,  with  a  core  derived  from  the  higher 
and  later-formed  portions  of  the  superincumbent  beds.  It  even 
sometimes  happens,  when  the  pipes  are  filled  with  clay,  sand,  and 
gravel-drift,  that  the  sides  and  lower  part  of  the  pipe  contain  per- 
fectly angular  and  unworn  flints,  while  the  rounded  and  worn  flints 
form  the  cetUre  of  the  pipe — an  arrangement  the  very  reverse  of 
what  we  shoidd  expect  if  the  cavities  had  been  drilled  by  mechanical 
agency,  the  agents  being  the  worn  pebbles,  which  should  therefore 
occupy  the  place  here  held  by  anguuur  and  unworn  flints  only. 

I  have  been  thus  particular  in  examining  Mr.  Trimmer's  views, 

*  I  have  seen  them  on  the  coast  about  a  foot  deep.  The  gullj-holes  in  many 
rivers  form  also  a  well-known  phaenomenon  ;  these  however  arise  from  the  infif. 
tration  of  water,  but  belong  to  the  same  class  of  phenomena  as  the  swallow-holes. 
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as  from  his  long-contmaed  study  of  the  superficial  deposits  of  the 
south  of  England  his  opinions  are  necessarily  entitled  to  consider- 
able weight.  In  this  examination  also,  as  the  main  features  of  these 
sand-pipes  have  been  brought  forward,  much  further  description  will 
be  obyiated.  With  the  general  view  advanced  by  Cuvier  and 
Brongniart  and  by  Dr.  Buckland,  and  more  critically  laid  down  by 
Sir  Charles  Lyell,  I  fully  agree ;  and  my  object  now  vrill  merely  be  to 
adduce  some  fresh  proofs  in  its  favour,  and  to  suggest  a  general 
cause  for  the  formation  of  these  peculiar  excavations. 

§  2.  Special  Phcenomena. 

As  the  name  implies,  the  pipes  are  common  both  under  sand  and 
gravel  beds.  They  occur  in  fact  wherever  a  loose  and  non-calcareous 
permeable  stratum  of  any  extent  overhes  the  Chalk  or  some  calca- 
reous rock.  They  present  an  infinite  variety,  but  I  will  confine  my- 
self to  the  few  essential  points. 

Some  years  since  I  met  with  an  instance  of  one  of  these  pipes  in 
a  chalk-pit  near  Lower  Elmsden,  a  few  miles  south-west  of  Canter- 
buiy,  which  seemed  to  me  conclusive  of  their  formation  by  the  slow 
ind  gradual  action  of  water  after  the  deposition  of  the  supenncumbent 
strata.     The  following  is  a  section  of  this  sand-pipe. 

Kg.  1. — Section  of  a  Sand-pipe  in  a  Chalk-pit  near  Lower  Elmsden. 


^4^ 


a  Tldii  atooT  band  in  the  Thanet  Sands.  c  Chalk. 

6  Seam  of  cUy  and  sand  with  green-coated  flints. 

It  will  be  observed  that  this  pipe,  which  is  about  12  feet  deep,  is 
filled  with  the  Thanet  Sands,  underlaid  by  the  seam  of  clay  and 
sand  (b)  with  the  ansular  green-coated  flints  which  always  occurs  at 
the  base  of  this  deposit.  It  is  not  often  that  these  sands  are  solidified, 
bat  in  this  case  a  thin  band  (a)  is  semi-indurated— just  hard  enough 
to  hold  together  in  blocks  when  broken,  but  not  hard  enough  to  allow 
of  any  wear  or  exposure.  This  layer  of  soft  stone  runs  horizontally 
about  2  feet  above  the  surface  of  the  chalk.  When,  however,  it  reaches 
the  sand-pipe,  its  continuity  is  interrupted,  and  it  is  broken  into  a 
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great  number  of  small  fragments.  These  are  perfectly  sharp,  angular, 
without  any  trace  of  having  been  worn,  Mid  follow  in  a  contmuous  line 
(but  as  it  were  stretched  out)  the  curve  of  the  pipe.  Now  it  is  evident 
that  this  layer  of  friable  sandstone  must  have  been  at  one  time  con- 
tinuous; that  it  has  been  fractured  and  its  fragments  disjointed  and 
spread  out  by  some  operation  subsequent  to  its  consolidation ;  and  that 
this  must  have  been  e£fected  very  graduaUy,  and  whilst  in  a  supporting 
medium,  to  admit  of  the  perfect  preservation  of  the  sharp  an^es  of 
the  fragments  of  so  soft  a  stone,  and  to  retain  them  in  their  original 
relative  position.  Further,  the  large  flints  with  which  stratum  "6" 
always  abounds  are  here,  as  usual  elsewhere,  scattered  down  (or  rather 
held  up)  on  the  nearly  perpendicular  sides  of  the  pipe,  and  are  not 
accumulated  at  the  bottom,  as  they  necessarily  would  oe  if  the  sands 
above  had  not  existed  to  keep  them  in  place  by  their  pressure.  With 
few  exceptions  also  these  flints  are  the  green-coated  flints  from  the 
Tertiary  bed,  and  not  the  flints  fresh  out  of  the  Chalk.  When  how- 
ever the  pipe  traverses  layers  of  flints,  these  lar^  white  unworn  flints 
are  left  after  the  chalk  is  dissolved^  and  remain  in  the  outer  dav- 
seam  usually  forming  the  sides  of  the  pipe:  these  flints  are  generally 
in  a  vertical  position  at  right  angles  to  that  which  they  held  in  the 
chalk, — a  downward  pitch  caused,  I  consider,  by  the  slow  downward 
movement  of  the  mass  of  matter  in  the  pipe,  whilst  the  flint  was 
gradually  detached  from  its  matrix,  the  one  end  being  free  and  givins 
way  before  the  other.  In  a  pipe  on  the  Downs  above  Westerham,  I 
met  with  an  instance  where  this  pressure  has  been  such  that  that 
portion  (about  10  inches)  of  the  flint  which  projected  into  the  angular 
flint-rubble  forming  the  sides  of  the  pipe  is  snapped  off  from  the 
portion  remaining  attached  to  the  chaUc,  and  is  slightly  bent  down- 
wards, though  it  had  not  had  time  to  become  removed  from  the 
other  portion  before  the  pipe-making  action  ceased. 

There  are  certain  featives  common  in  all  the  sand-pipes  under  the 
Thanet  Sands ;  a  central  core  of  sand  always  exists  with  an  outer 
layer  of  sandy  clay  with  flints,  which  latter  lie  in  all  positions,  per- 
fectly independent  of  the  relative  weight  of  the  materials,  and  more 
often  than  otherwise  with  their  longer  axes  directed  downwards.  The 
sides  of  the  pipes  also  are  rubbed  and  striated  vertically,  presenting  a 
sort  of  slickenside,  indicative  of  a  slipping- downwards  motion.  The 
lamination  or  beddins;'  of  the  sands  follows  the  sides  of  the  pipe  in 
curved  lines,  gradually  lessening  in  curvature  as  we  ascend,  until  at 
some  feet  above  the  chalk,  the  strata  resume  their  horizontal  position. 
The  sand  above  these  pipes  is  also  always  looser  and  less  compact 
than  usual.  These  characters  are  well  exhibited  in  some  large  sand- 
pipes  at  Grays  Thurrock.  In  the  following  section  (fig.  2)  the 
overlying  indent  of  gravel  further  shows,  that  not  only  was  the 
action  subsequent  to  the  deposition  of  the  sands,  but  that,  in  this 
instance,  it  was  subsequent  to  the  spread  of  the  gravel,  c  being  a 
small  portion  of  a  bed  of  gravel  belonging  to  a  higher  level,  and  of  wluch 
this  fragment,  let  down  into  the  depression  caused  by  the  sand-pipe, 
has  escaped  denudation.  No  later  subsidence  can  have  taken  place, 
as  no  further  depression  occurs  on  the  surface  of  the  gravel,  and  the 
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Ime  ^'m,  ji''  is  perfectlj  straight.    This  section  also  corroborates  the 
iofereDce  drawn  from  fiig.  1. 

Fig.  2. — Section  of  the  upper  part  of  a  Sand-pipe  in  the  Chalk 
at  Grays, 


Dmm  <n  the  nma  icale  m  Fig,  l. 
a  Thanet  Studs. 
b  Seam  of  day  and  Mod  with  green-ooated 


c  GittfeL 


d  Chalk. 


The  general  arrangement  is  the  same  in  the  myel-pipes,  only  it  is 
roagher  and  less  apparent*  ;  for  as  the  gravel  is  usuallv  spread  over 
the  dialk  in  a  large  unstratified  sheet  of  one  roueh  homogeneous 
Btrncture  throughout,  it  necessarily  follows  that,  however  uow  its 
subsidence  at  any  point  into  a  pipe  penetrating  die  chalk  may  have 
been,  the  absence  of  straight  lines  of  bedding  would  prevent  the 
dear  exhibition  of  any  lines  of  flexure  in  the  gravel  of  the  pipes^ 
and  would  cause  it  to  retain  the  same  apparent  want  of  structure 
which  characterises  the  mass  of  the  gravel  itself.  But  it  sometimes 
happens  that  the  gravel  is  roughly  stratified,  or  rather  spread  out  in 
layen  of  variable  texture ;  or  at  times  a  bed  of  sandy  gravel  full  of 
Tertiary  flint-pebbles  overlies  another  bed  containing  almost  solely 
subansular  and  unrolled  flints.  In  cases  where  pipes  have  been 
fonned  under  such  gravels,  the  curved  or  inverted  conical  ar- 
nmgement  of  the  mass,  and  the  descent  of  the  central  core  from 
the  higher  beds,  generally  become  apparent,  as  in  the  sand-pipes. 
Some  good  examples  of  these  pipes  are  common  on  the  Chalk  downs, 
especially  in  some  pits  above  Westerham  and  Wrotham.  The  sides 
of  most  of  these  pipes  are  there  formed  of  an  extension  of  the  layer 
of  perfectly  angular  flint-rubble  1  to  4  feet  wide,  occurring  at  the 
base  of  the  drill,  whilst  the  core  consists  of  worn  gravel,  or  often  of 
round  flint-pebbles  and  sand  derived  from  the  Tertiary  beds  which 
formerly  overspread  that  area. 

The  size  of  the  sand-  and  gravel-pipes  is  very  variable,  some  being 
only  a  few  feet  deep,  and  others  reaching  to  a  depth  even  of  100  feet 
or  more,  with  a  diameter  of  20  to  40  feet.  They  are  very  common  all 
over  the  Kent  and  Surrey  Chalk  district ;  also  in  Berkshire,  Wilts, 

*  There  are  some  very  good  instances  of  gravel-pipes  in  the  Chalk-pits  at  Green- 
lukhe.  The  neighhouihood  of  Watford,  Henley,  and  the  Downs  a  few  miles  N.E.  of 
Uaidstoiie  also  offer  conTenient  localities  for  studying  this  phenomenon ;  there 
are,  in  hct,  few  places  in  the  Chalk  district  where  it  may  not  be  observed  to  a 
greater  or  leaser  extent 
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Oxfordshire,  Backs,  and  Hertfordshire.  The  general  featoies  de- 
scribed above,  and  those  given  more  in  detail  by  Sir  Charles  Ljell, 
may  apply  to  them  all.  Care,  however,  must  be  taken  to  discriminate 
between  pipes  produced  by  the  slow  percolation  of  water,  and  those 
formed  in  part  or  wholly  by  the  wear  and  battering  to  which  the 
chalk,  as  well  as  other  strata  not  always  calcareous,  has  been  sub- 
jected by  certain  drift-action.  Such  excavations  are,  however,  ou  the 
whole,  shallower,  more  irregular,  and  do  not  show  the  same  internal 
structure  as  the  true  pipes.  In  this  case  many  of  the  apparent 
pipes  are  mere  sections  of  deep  furrows,  ploughing  up  the  surface 
of  the  substratum,  and  filled  with  drift  of  various  ages.  In  one 
of  my  papers  recently  published  *,  a  case  of  this  description  inci- 
dentally occurs  where  a  mass  of  subangular  ochreous  sandy  gravel 
reposes  on  a  deeply  fturrowed  surface  of  impermeable  day  and 
siliceous  sands  f. 

§  3.  General  PJuBtumena. 

Such  being  the  ordinary  features  exhibited  by  the  sand-  and  grayel- 
pipes,  it  now  remains  to  consider  when  and  under  what  general 
conditions  they  were  formed.  As  before  mentioned,  the  percolation 
of  rain-water,  holding  in  solution  carbonic  add  derived  from  the 
atmosphere  and  the  vegetable  soil,  from  certain  permeable  strata 
into  the  chalk  has  been  the  cause  most  frequently  suggested.  The 
question,  however,  involves  some  further  considerations  which  this 
hypothesis  does  not  embrace.  These  tubular  excavations  are  evi- 
dently to  be  attributed  to  some  very  general  cause,  and  one  operating 
at  different  periods ;  and  it  is  with  respect  to  the  greater  number  a 
cause  no  longer  in  action,  for  not  the  slightest  subsidence  or  in- 
dentation of  the  ground  at  the  surface  is  perceptible  above  them, 
although  it  is  erident  that  whilst  they  were  bemg  formed  the 
supeijacent  strata  were  gradually  depressed  and  indented  (see  figs.  1 
and  2,  pp.  69,  71). 

The  Thanet  Sands  and  the  sands  associated  with  the  Reading  and 
Woolwich  Series  afford  numerous  examples  of  pipes  passing  down 
into  the  underlying  Chalk.  These  pipes  are  not  only  common  in 
the  localities  where  the  sands  are  in  connexion  with  the  main  mass 
of  the  Tertiaries  and  in  all  their  detached  outliers,  but  portions  or 
tail-pieces  of  such  sand-pipes  are  also  found  on  bare  chalk-hills,  above 
which  once  extended  those  lower  tertiary  sands  from  whose  mass 
these  pipes  must  necessarily  have  originally  projected.  This  is  suffi- 
ciently evident  in  all  the  Chalk  district  of  Kent.  In  illustration  of 
this  point  I  have  selected  for  a  section  the  line  of  country  between 
Chatnam  and  Crayford,  along  which  instances  of  these  unattached 
pipes  are  in  places  numerous.  The  dotted  lines  mark  the  probable 
extension  of  the  Tertiaries  before  the  denudation  of  the  present  val- 
leys (see  Section  No.  2,  PI.  VI.). 

*  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  88. 

t  Considerable  complication  is  often  produced  by  drift-action  on  the  aurftoe 
over  the  pipes,  as  the  drift,  being  often  local,  can  hardly  in  some  cases  be  distin- 
gnished  from  the  materials  in  the  pipes.  The  inclination  at  which  the  section  is 
taken  also  gives  rise  at  times  to  deceptive  appearances. 
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This  phsenomenon  is  not  confined  to  these  eocene  sands,  but  is 
equally  common  in  connexion  with  one  of  the  most  recent  of  our 
drift-gravels,  and  in  beds  of  various  other  ages.  In  the  instance 
of  the  drift-period,  this  is  shown  in  the  line  of  section  (No.  1, 
Fl.  VI.)  extending  from  the  neighbourhood  of  Rickmansworth 
to  the  hills  above  Wycombe,  where  the  gravel  caps  a  succession 
of  Chalk  hills  and  exhibits  a  considerable  number  of  very  illus- 
trative ffravel-pipes,  including  the  fine  case  mentioned  by  Dr. 
Buckland  between  Beaconsfield  and  Wycombe.  Both  this  section 
and  the  other  (No.  2),  referring  to  the  sand-pipes,  are  actual 
sections,  in  which  all  the  pipes  found  on  the  lines  of  section  are  in- 
troduced and  distinguished  from  those  supposed  to  exist  where  the 
chalk  is  not  exposed.  The  relative  position  of  the  pipes  and  their 
distance  from  the  main  masses  are  maintained,  the  height  of  the 
ground  at  the  various  points  where  they  occur  having  been  approxi- 
mately determined  by  the  aneroid  barometer. 

Some  of  the  most  remarkable  instances  of  these  detached  gravel- 

Sipes,  and  instances  affording  a  test  to  a  much-debated  period  of 
enudation,  occur  in  the  slopes  of  the  North  Downs.  A  truck  drift 
of  ferruginous  clay,  sand,  and  gravel  extends  generally  to  the  very 
edge  of  this  escarpment,  and  is  there  abruptly  truncated,  whilst  the 
slopes  of  the  hills  present  a  bare  and  clean  chalk  surface ;  but  dotted 
a  considerable  way  down  these  slopes  may  often  be  found  portions  of 
detached  and  isolated  gravel-pipes, — the  termination  of  pipes  descend- 
ing from  the  main  mass  of  the  gravel  when  prolonged  above  them. 
Such  tail-pieces  msij  readily  be  observed  above  Charing,  Wrotham, 
and  Westerham .  The  annexed  sketch  gives  a  section  of  the  hill  above 
the  latter  town  (see  fig.  3).    This  fact  is  important,  as  it  affords  a 

Fig.  3. — Section  of  the  hill-side  above  Westerham,  showing  the  pipes 
on  the  top  of  the  hill  fiUed  with  drift,  and  the  terminations 
only  of  similar  pipes  some  way  down  the  slope  of  the  hill. 


Dnwa  on  wale.    The  height  firom  the  dotted  line  to  the  base  line  is  about  SCO  feet. 

*  Pfaica  Off  which  the  ends  itill  exist  on  the  slope  of  the  hilL    Descent  by  the  London  road. 
a  Chalk. 

6  Ferruginous  clay,  sand,  and  graTcl  filling  pipes  on  the  sm&ce  of  the  chalk. 
e  Outliiud  continuation  of  former  suifiice  of  the  chalk  with  similar  pipes. 

strouff  proof  that  the  final  excavation  of  the  valley  of  Holmesdale, 
including,  I  believe,  that  of  the  Weald,  was  not  effected  until  after  this 
comparatively  recent  drift  period.  This,  however,  is  a  point  I  had 
not  intended  to  have  entered  upon  at  present,  and  the  Airther  con- 
sideration of  which  I  must  reserve  until  I  have  occasion  to  treat  of 
the  drift  as  a  separate  question. 
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§  4.  Theoretical  Considerations,  and  Conclusion. 

On  reference  to  the  Sections  1  and  2  (PL  VI. )>  which  give  the  pre- 
sent configuration  of  the  surface  and  the  actual  distribution  along 
certain  lines,  in  the  one  case  of  the  sand«pipes  connected  with  the 
Tertiary  strata,  and  in  the  other  of  the  gravel-pipes  connected  with 
the  drift,  it  will  be  seen  bj  the  dotted  lines  that  all  these  pipes  are 
related  to  the  sands  and  gravel  before  the  continuity  of  the  latter  was 
interrupted  and  when  they  extended  in  unbroken  beds  over  the  face 
of  the  land ;  that,  in  fact,  the  present  valleys  have  all  evidently  been 
excavated  since  the  formation  of  these  pipes,  which  consequently 
belong  to  an  older  and  anterior  state  of  thii^.  If,  therefore,  we 
restore  that  state,  it  wiU  appear  that  over  the  areas  under  examina- 
tion, the  Tertiary  sands  at  one  period  and  the  gravel  at  another 
formed  extensive  and  nearly  level  beds  stretching,  without  apparent 
break,  over  large  tracts  of  coimtry. 

Now,  as  these  deposits  are  extremely  permeable,  they  would  under 
these  conditions  naturally  constitute  water-bearing  strata,  reposing 
in  either  case  on  the  thick  mass  of  the  Chalk.  The  water  in  both 
these  masses  of  water-bearing  strata  would  also  naturally  descend  to 
the  lowest  level  and  there  remain  until  it  found  vent. 

The  Chalk,  although  it  absorbs  water  in  large  quantities  and  with 
great  faciUty,  is  not  properly  a  freely  permeable  deposit.  When  satu- 
rated it  will  in  fact  hold  up  water,  which  then  only  passes  through  it 
with  excessive  slowness  if  not  assisted  by  cracks  and  fissures.  Now  it  is 
a  well-known  fact  that  the  rain-water,  which  filtrates  through  the 
mass  of  any  permeable  deposit  or  percolates  through  the  fissures  of 
any  impermeable  one,  tends  to  descend  in  both  cases  to  a  certain  level, 
dependent  on  the  one  side  upon  the  nearest  sea-level  (if  one  be  near), 
and  on  the  other  on  the  level  of  the  adjacent  valleys;  and  that  a  slightly 
curved  line  drawn  between  these  pomts  will  always  give  the  height 
at  which  the  water  in  the  intermediate  hills  stands  with  certain  limited 
variations  throughout  the  year  *.  This  surface  is  called  the  line  of 
water-level.  Of  course  when  these  water-bearing  strata  are  over- 
laid by  an  impermeable  deposit  supporting  another  permeable  bed 
at  a  height  rising  above  tins  main  and  lower  level,  this  second  de- 
posit wiU  form  an  exception  to  the  general  law  and  present  a  higher 
and  independent  water-level  of  its  own.  As,  therefore,  during  this 
former  period,  the  mass  of  the  Lower  Tertiary  sands  woidd  hold  and 
transmit  water  with  great  facility,  that  water  would  everywhere  press 
on  the  chalk,  and  tend  to  penetrate  into  it  through  cracks  and  fis- 
sures, or  to  permeate  into  its  general  mass  with  extreme  slowness  at 
the  points  of  least  resistance,  a  slowness  in  some  measure  assisted  by 
the  thin  seam  of  sandy  clay  with  flints  at  the  base  of  the  sands.  If, 
under  these  circumstances,  the  mass  of  the  chalk  stood  much  above 
the  sea-level  on  one  side,  and  the  mean  level  of  any  large  inland 
plains  on  the  other,  then  the  water  which  escaped  from  the  sands 
would  pass  downwards  through  the  chalk,  and  form  a  second  water- 

*  I  have  treated  these  questions  at  some  length  in  **  The  Inquiry  on  the  Water- 
bearing Strata  of  London ;"  Chapter  on  the  Chalk,  p.  57. 
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level  at  a  depth,  below  the  water-level  in  the  sands,  dependent  upon 
the  general  eleration  of  the  country  above  the  sea*. 

Ttiua,  supposing  the  mass  of  Chalk  and  the  oyerljing  Tertiaries  to 
hare  been  placed  at  the  period  we  are  now  considering  at  about  the 
same  altitude  that  they  at  present  occupy,  but  that  the  Talleys  which 
now  traTerse  the  country  were  not  then  formed, — supposing,  in  fact, 
that  the  country  were  restored  to  that  state  in  which  it  would  seem 
to  have  been  before  some  later  denudation  swept  away  the  beds  which 
must  have  been  continuous  in  the  way  represented  by  the  dotted  lines 
in  Section  2.  PI.  YI.,  we  should  then  have  a  state  of  things  represented 
by  Diagram  B,  where  the  Lower  Tertiary  sands  would  rorm  an  upper 
water-bearing  stratum  rising  some  few  hundred  feet  above  the  sea ; 
whilst,  supposing  the  Chalk  had  some  lower  outcrop  further  inland, 
the  water-level  in  it  would  stand,  at  a  certain  distance  from  the  sea, 
at  one  or  two  or  more  hundred  feet  below  that  level;  but  as  the  beds 
dipped  and  the  country  lowered  towards  the  sea,  then  these  two 
water-lines  would  gradually  converge  towards  and  ultimately  mei^ 
in  the  same  common  plane  (see  Dia^'am  B,  PI.  VI.,  where  x,  y  shows 
the  line  of  water-level  in  the  chalk  C,  and  m,  n  the  water-line  in  the 
overlying  sands  S).  Or  if  we  restore,  as  in  Diagram  A,  the  conditions 
prevailing  during  the  mvel  period,  we  might  then  have  the  case  of 
an  inland  plain  or  valley  at  some  height  above  the  sea,  covered  by  a 
bed  of  permeable  gravel  reposine  upon  the  thick  bed  of  the  Chalk, 
and  flanked  on  either  side  by  higher  ground.  Under  these  conditions 
the  calcareous  strata  would  again  have  a  line  of  water-level  lower  than 
that  which  would  exist  in  the  overlying  mass  of  gravel  (see  PI.  YI., 
Diafl;r.  A,  «,  y  being  the  line  of  water-level  in  strata  C,  and  m,  n  the 
kvel  in  the  overlying  beds  6r)t. 

Referring  now  to  t£e  supposititious  cases  representedinthe  Diagrams 
A  and  B,  the  consequence  would  be  that  the  water  in  the  sands  8  or 
in  the  gravel  G  throughout  the  higher  districts,  having  little  or  no 
natural  lateral  vent,  would  tend  to  escape  downwards  to  the  lower 
water-level  in  the  Chalk  C,  and  a  constant  flow  would  be  established 
through  any  small  fissures  that  might  originally  exist  or  else  by  ge- 
neral permeation  through  the  body  of  the  Chalk.  I  do  not,  however, 
consider  the  sand-pipes  as  necessarilyor  essentially  dependent  upon 
cracks  or  fissures  m  the  chalk.    These,  probably,  would  rather 

*  When  the  table-land  of  permeable  strata  repodiig  upon  chalk  is  much  inter- 
sected bj  valleySy  as  for  example  in  the  case  of  the  sands  of  Blackheath,  Plumstead 
Heath,  and  Bexley  Heath,  which  are  bounded  by  the  valleys  of  the  Ravensbourae 
and  of  the  Cray,  the  ready  lateral  flow  afforded  to  the  water  by  these  valleys 
and  their  branches  prevents  any  large  accumulation  or  much  vertical  pressure 
of  water  in  these  sands.  Still  it  is  more  than  probable  that  in  such  a  case  some 
water  will  pass  from  the  sands  into  the  chalk,  and  that  therefore  some  amount 
of  wear  is  continued. 

t  We  have  an  extreme  case  of  such  conditions  in  the  **  Tailahs"  of  Lycia,  no- 
ticed by  Prof.  B.  Forbes  and  Lieut.  Spratt.  These  are  more  or  less  basin-shaped 
taUeys  of  various  extent  at  an  elevation  of  from  2000  to  6000  feet,  and  with  no 
outlet  for  the  streams  which  water  them.  During  the  wet  season  the  water 
collects  and  often  forms  a  lake  at  one  end  of  the  valley :  this  apparently  passes 
sway  by  infiltration.  The  rivers  pour  into  caverns  and  are  lost  among  the  pred. 
infcous  cliffs  which  form  the  sides  of  the  valleys. — See  their  **  Travels  in  Lyda." 
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tend  to  fonn  narrow  and  tortaous  water-channels,  such  as  are  occa- 
sionallv  met  with  in  that  deposit,  and  through  which  the  water, 
from  the  rapidity  of  its  escape,  would  not  act  so  faJly  as  when  filter- 
ing slowly  tnrough  the  solid  heds.  It  is  easier  also  to  drill  a  straight 
hcue  in  a  mass  which  is  uniformly  compact  and  solid,  than  in  one  in 
which  weak  points  and  cavities  mterfere  with  the  r^ularity  of  the 
drilling  action,  and  I  helieve  that  it  will  he  found  that  these  sand-  or 
ffrayel-pipes  are  not  usually  connected  with  fissures,  hut  that  they 
have  generally  worked  their  way  into  the  solid  chalk*. 

To  understand  this  mode  of  operation,  we  have  to  suppose  the 
superincumhent  strata  constantly  filled  with  water  to  a  given  level, 
as  happens  with  all  water-beanng  strata  under  certain  conditions. 
If  these  strata  reposed  upon  an  impermeable  deposit,  and  the  water 
had  no  underground  means  of  escape,  the  additions  incessantly  made 
to  it  by  the  i^l  of  rain  would  cause  it  to  overflow  the  edges  of  this 
natural  reservoir  and  so  carry  off  the  surplus  supply  in  the  form  of 
springs ;  but  if  the  water  had  the  means  of  escaping  by  any  under- 
ground vent,  the  ordinary  hydrostatic  pressure  would  cause  it  to  take 
that  course  in  preference  to  the  other. 

As,  therefore,  in  the  case  before  us,  sands  or  gravel  saturated  with 
water  repose  upon  a  deposit,  which,  notwithstanding  its  not  being 
freely  permeable  or  allowing  of  the  escape  of  the  water  in  bulk,  but 
rather  holding  it  up,  still  imbibes  water  readily,  and  transmits  it, 
although  with  extreme  slowness,  to  the  lower  levd  which  it  seeks ;  it 
would  follow  that  the  surface  of  tibe  chalk  being  exposed  to  the  action 
of  the  water,  with  which  these  overlying  beds  are  constantly  saturated, 
would  imbibe  and  transmit  it  downwards,  at  first  through  its  mass 
generally,  but  ultimately  passing,  probably,  into  some  of  the  nu- 
merous fissures  which  traverse  this  deposit,  and  which  would  afibrd 
it  a  more  rapid  passage.  But  as  rain-water  contains  carbonic  acid« 
which  carbonic  add  would  not  be  lost  by  the  filtration  of  the 
water  through  these  quartzose  sands  or  gravel,  a  certain  proportion 
of  that  part  of  the  chalk  through  which  the  acidulated  water  first 
passed  must  necessarily  be  dissolved  and  carried  away  in  solution. 

Under  these  circumstances,  any  slight  original  depression  on  the 
surface  of  the  chalk  tending  to  give  a  direction  to  the  water ;  any 
point  where  the  texture  was  looser  than  usual,  and  presenting  tJiere- 
fore  less  resistance ;  or  any  greater  permeability  at  some  given  point 
of  the  superincumbent  bed  allowing  a  freer  access  at  that  spot,  would 
tend  to  facilitate  and  direct  the  passage  of  the  water  at  and  to  those 
places,  and  the  inevitable  consequence  would  be  to  establish  neces- 
sarily a  greater  wear  there  than  elsewhere.  By  these  means,  the  chalk 
at  these  points  woidd  become  more  porous  and  less  resisting,  and  cer- 
tain water-channels  there  would  soon  be  fixed,  which,  as  they  offered 
the  readiest  passage  for  the  water,  would  draw  it  off  from  the  adjacent 
portions  of  the  superincumbent  strata.    This  action  once  established 

*  Still  it  18  quite  possible  that  slight  crevices  and  cracks  may  frequently  have 
been  predisposing  causes :  what  I  wish  to  point  oat,  is,  that  the  pipes  are  not 
ttsnally  connected  with  faults  and  large  fissures  in  the  chalk,  that  they  are  not 
dependent  upon  any  lines  of  disturbance. 
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would  be  maintained^  and,  in  conieqnenoe,  the  original  small  water- 
channels  would  be  gradually  worn  larger  bj  the  continued  flolvent 
action  necessarily  kept  up  by  the  continuous  supply  of  water,  re- 
ceiTing  into  their  cayities,  as  they  formed,  the  loose  and  yielding 
matenals  of  the  superincumbent  mass,  and  which,  from  the  extreme 
slowness  of  their  fall  and  from  all  their  parts  being  kept,  by  the  uni- 
formity and  steaduiess  of  the  superincumbent  pressure,  in  their  original 
relative  positions,  would,  as  it  were,  be  merely  stretched  out,  and 
would  conform  almost  exactly  to  the  irregular  surface  of  the  pro- 
duced cavities*  (see  fig.  1,  p.  69). 

Further,  the  peculiar  funnel-shaped  and  cylindrical  forms  of  these 
pipes  admit  of  ready  explanation  on  this  hypothesis,  for  when  any 
point  on  the  surface  of  the  Chalk,  owing  to  the  causes  above  men- 
tioned, ^ves  a  freer  passage  to  the  water  than  it  can  obtain  through 
the  adjacent  portions  of  the  strata,  then,  the  superincumbent  mass  of 
sand  or  gravel  being  of  uniform  or  nearlv  uniform  texture,  the  water 
would  flow  towards  this  channel  from  all  points  of  the  circumference, 
and  cause  therefore  a  nearly  equal  wear  on  all  sides,  tending,  as  the 
cavities  deepened,  to  give  them  a  circular  form  more  or  less  perfect. 
At  the  same  time,  as  the  hollow  became  deeper,  the  body  of  water 
passing  down  the  centre  of  the  pipe  would  be  greater  in  proportion  to 
the  surface  of  the  chalk  to  be  acted  upon  than  that  which  would  fall 
upon  its  sides,  and  a  more  rapid  wear  would  take  place  on  the  lower 
or  central  part  of  the  tube  than  on  the  upper;  also  the  water  passing 
down  the  centre  of  the  pipes  would  retain  its  erosive  action  undimi- 
nished by  previous  contact  with  the  chalk. 

The  consequence  of  these  conditions  woidd  necessarily  be  to  trans- 
form the  original  hollow  first  into  a  funnel-shaped  cavity,  and  then, 
as  it  got  deeper,  into  one  gradually  assuming  a  more  tubular  and 
cylindrical  form.  For  if  we  divide  a  line,  drawn  through  the  centre 
of  the  horizontal  section  of  the 


Figs.  4,  5,  &  6. — DiagrafM  iUtu- 
trative  of  the  Structure  of  Sand- 
pipes, 

Fig.  4.  Hg.  6. 


top  of  a  pipe,  into  three  equal 
parts  (A4iy  ab,  bB,  fig.  4),  and 
carry  down  two  perpendicular 
lines  from  a  and  b,  until  they 
meet  the  sides  of  the  pipe  at  c 
and  d  in  the  vertical  sections, 
figs.  5  &  6,  it  is  evident  that  in 
fig.  5  the  relative  dimensions  of 
Ac,  ed,  and  dB  are  very  nearly 
the  same,  the  line  cd  bemg  very 
fittle  less  than  cA  or  dB;  stiU 
the  difference  is  sufficient,  sup- 
posing equal  quantities  of  water 
to  pass  m .  equal  time  through 
the  equal  widths  Aa,  ab,  bB,  to 

*  The  oompantiTe  fluidity  of  the  sands  produced  by  thor  saturation  with  water 
would  necessarily  facilitate  this  operation.  The  vibrations  caused  by  earthquake 
movements  might  also  cooperate  from  time  to  time,  especially  where  any  tempo- 
rary obstruction  had  caused  a  stoppage  of  the  descending  materials,  in  maintaining 
a  continuous  &11  into  the  increasing  cavities. 
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make  the  relative  quantity  supplied  to  ed  greater  than  that  supplied 
to  Ae  and  Bd  in  the  proportion  as  the  d^tance  between  cd  is  less 
than  the  distances  between  Ac  and  Bd ;  consequently,  in  fig.  5,  the 
water-wear  between  cd  would  be  slightly  greater  (aided  also  by  the 
tendency  of  the  water  to  converge  at  P)  than  between  Ac^  Bd,  and 
the  cavity,  or  incipient  pip^,  would  increase  in  magnitude  more 
rapidly  in  the  direction  of  cd,  than  of  Ac,  Bd,  or  in  other  words 
would  deepen  more  rapidly  than  it  widened.  Further,  as  the 
dimensions  of  the  pipe  increased,  so  would  the  disproportion  be- 
tween Aa  and  Ac,  and  between  bB  and  Bd  constantly  increase ;  and 
as  only  the  same  relative  quantity  of  water  would  pass  over  the 
surfaces  Ac,  Bd,  whatever  their  dimensions  might  become,  its  effect 
would  be  one  gradually  diminishing,  and  consequently  the  lateral 
growth  of  the  tube  would  tend  to  become  less  from  day  to  daj ; 
whilst,  as  the  proportion  of  cd  with  regard  to  a6  would  continue 
with  little  variation  whatever  the  size  of  the  pipe,  the  relative 
quantity  of  water  passing  on  the  surface  cd  would  remain  constant 
or  nearly  so,  and  the  downward  growth  of  the  pipe  would  continue 
unimpaired.  Thus  the  dimensions  of  Aa,  ab,  bB  to  Ac,  cd,  and  dB 
in  fig.  5  are  nearly  equal ;  but  in  fig.  6,  Ac  and  Bb  are  five  times 
greater  than  Aa  and  bB,  whereas  cd  retains  nearly  the  same  propor- 
tion to  ab  that  it  did  in  fig.  5,  or  the  erosive  effect  of  the  water  passing 
Aa,  bB  being  spread  over  an  area  five  times  larger  would  have  be- 
come five  times  less ;  on  the  contrary  that  passing  ab,  acting  upon  an 
area  of  the  same  dimensions  as  at  first,  would  possess  its  origimd  erosive 
power,  one  now  five  times  greater  than  that  acting  upon  the  sides. 

Consequently  the  action  on  the  sides  of  the  pipe  would  tend 
to  become,  in  process  of  time,  comparatively  insignificant,  whilst 
that  on  the  base  of  the  pipe  retained  its  original  force ;  therefore 
the  water-channel  would  pass  from  a  shght  hollow  to  a  ftinnei- 
shaped  cavity,  and  then  into  an  indefinitely  prolonged  cylinder 
with  a  pointed  end.  The  points  ab  are  of  course  arbitrary*,  but 
wherever  we  place  them  with  regard  to  AB,  cd  will  always  exhibit 
the  same  constant  character  with  r^ard  to  ab ;  and  Ac,  Bd  the 
reverse  with  regard  to  Aa,  bB,  Practically,  also,  a  portion  of  the 
water  falling  on  the  sides  Ac,  Bd  would  tend,  from  the  ob- 
struction presented  by  the  partially  impermeable  lining  of  the 
pipe,  to  be  thrown  off  from  those  surfaces  and  pass  through  the 
central  area  cd. 

With  respect  to  the  adjacent  chalk  surface,  it  may  be  observed 
that,  whilst  the  pipes  were  forming,  the  water  would  at  the  same 
time  be  scoring  and  corroding  that  surface  with  conducting  furrows 
and  channels  converging  in  these  absorbent  cavities,  and  producing 
much  of  the  furrowed  and  worn  surface  apparent  on  the  chalk  when 
fireed  from  its  superincumbent  sands  or  gravel. 


*  Nor  is  this  intesded  to  give  more  than  a  rough,  but,  I  believe,  at  the  i 
time  a  conect  general  sketch  of  the  process.  For  a  more  exact  calculation,  which 
could  easily  be  made,  it  would  be  neoes8ai7  to  take  the  relation  of  the  auperfidal 
area  at  the  top  of  the  pipe  to  that  of  the  sides,  and  not  the  merely  linear  meaauie- 
ment  adopted  above. 


Digitized  by 


Google 


PaESTWICH—SAND-  AND  GRAVEL-PIPES.  79 

The  difference  of  the  two  water-levels  assumed  above  (Diag.  A  &  B, 
PI.  VI.)  is  not,  I  should  mention,  a  merely  hypothetical  case.  On 
the  Chalk  hills  of  Kent  and  Surrey  the  water-lme  in  the  Chalk  often 
lies  at  a  depth  of  from  300  to  400  feet,  whilst  in  the  small  outliers  of 
Tertiary  sands  and  in  the  gravel  on  these  hills  a  small  body  of 
water,  where  the  mass  of  strata  is  large  enough  and  other  con- 
ditions favourable,  is  held  up  by  these  beds  at  a  depth  of  10,  20,  or 
30  feet  only. 

As  the  gravel  is  generally  without  any  such  partiallv  impermeable 
seam  at  its  base  as  occurs  in  the  Tertiary  sands,  the  underlying 
chalk  surface  seems  to  have  been  liable  to  be  attacked  by  the  acidu- 
lated waters  in  a  greater  number  of  places,  and  to  present  a  larger 
proportion  of  pipes  and  indentations  than  when  overlaid  by  the 
sands.  In  the  case  both  of  the  sands  and  the  gravel,  I  presume 
the  strata  to  be  fully  charged  with  water  accumulating  and  lodging 
in  them,  and  not  merely  giving  a  temporary  passage  to  an  occasional 
rain-&ll.  This  is  an  essential  condition.  A  seam  of  clay  is  occasionally 
met  with  at  the  base  of  the  gravel,  and  a  thin  layer  of  tough  day 
is  of  common  occurrence  on  the  sides  and  at  the  base  of  the  pipes. 
It  has  the  appearance  of  having  been  washed  put  of  the  superincum- 
bent gravel  and  stopped  by  the  chalk,  as  in  the  case  of  an  ordinary  filter. 
It  is  less  apparent  in  the  pits  under  the  sands  which  are  cleaner. 

With  regard  to  an  objection  which  has  sometimes  been  raised  to 
this  view  of  the  formation  of  sand-  and  gravel-pipes,  viz.  that  the 
water  does  not  hold  a  sufficient  quantity  of  carbonic  acid  to  operate 
on  so  large  a  scale,  it  must  not  be  overlooked  that  it  is  not  only 
the  quantity  obtained  by  the  rain  directly  from  the  atmosphere 
and  from  the  ground,  but  also  the  additiomd  and  constantly  forming 
supply  that  is  evolved  by  the  action  of  the  air,  likewise  held  in  so- 
lution by  rain-water  *,  upon  the  remains  of  organic  matter,  whether 
vegetable  or  animal,  dispersed  in  however  small  quantities  throughout 
the  strata,  and  tending  to  the  renewal  of  the  carbonic  acid  removed,  or 
rather,  if  the  expression  may  be  used,  rendered  latent,  by  coming 
into  contact  and  combining'  with  any  carbonate  of  lime  occurring 
perchance  in  these  otherwise  generally  non-calcareous  water-bearing 
strata.  The  length  of  time  during  wnich  the  operation  continued  I 
also  suppose  to  have  been  exceedingly  great. 

Although  these  old  channels  (the  pipes)  have  ceased  to  act,  similar 
phsenomena  to  that  which  produced  them  may  still  be  occasionally 
obsenred,  or  rather  it  is  possible  that  some  existing  phsenomena  may 
be  referred  to  the  same  agency.  Mr.  Strickland  pointed  out  this 
fact  to  Sir  Charles  Lyell  in  the  neighbourhood  of  Henley ;  and  I 
have  had  my  attention  directed  to  a  spot  of  ground  in  Rickmans- 
worth  Park,  where  a  bed  of  gravel  caps  a  chalk  hill  overlooking  the 
valley  of  the  Colne.  Circular  indentations  are  there  formed  on 
the  surface  of  the  ground,  which  I  was  informed  kept  constantly 

*  Rain-water  absorbs  air  in  the  proportion  of  about  ^th  of  its  volume,  but  the 
OKjgen  is  always  in  excess  to  the  proportion  in  the  atmosphere.  The  water  from 
the  Artesian  well  of  Grenelle,  after  haTing  passed  100  miles  underground,  still 
coDtains  small  proportions  of  air,  carbonic  add,  and  organic  matter. 
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deepening,  so  much  so  that  it  was  necessary  erery  few  years 
them  up.     I  have  however  some  doubts  on  this  subject*. 

In  the  case,  again,  of  the  swallow-holes  described  in  a  pre 
paper  f,  we  witnessed  a  somewhat  similar  action  of  the  escape  of  ^ 
from  a  higher  level  to  a  lower  one  in  the  Chalk.     In  such  cases^   wycon  a  e 
ever,  the  more  free  and  rapid  flow  of  water  has  probably  wo 
continuous  passage  in  the  mass  of  the  Chalk.     These  funnel-slii 
holes  also  are  caused  by  the  dissolving  power  of  water  holding* 
bonic  acid  in  solution,  and  not  by  mechanical  agencies,  for  the  feei 
stream  is  usually  unimportant,  transports  but  little  sediment, 
filters  quietly  through  the  small  quantity  of  sand  and  gravel 
remains  undisturbed  at  the  bottom  of  these  excavations. 

In  conclusion,  therefore,  I  view  these  sand-  and  gravel-pipes  in  _ 
chalk  and  other  soft  calcareous  strata^  as  extinct  natural  water-o 
duits,  which  the  waters,  at  different  periods,  through  incessant  fill 
tion  from  a  higher  water-bearing  stratum  in  their  tendency  to  rei 
a  lower  level,  gradually  and  quietly  wore  for  themselves  by  tltg:^^^^ 
solvent  action  alone ;  the  size  of  the  pipes  mainly  depending  bo 
upon  the  length  of  time  the  operation  continued,  and  also  apon  ti 
extent  of  difference  of  level  between  the  two  water-surfaces.  •^a»m£ 

EXPLANATlbN  OF  PLATE  VI.  «  «« 

The  two  Sections  (1  and  2)  are  from  actual  survey  across  parts  < 
the  neighbourhood  of  London,  where  the  sequence  of  the  phsenomei!" 
over  a  length  of  countrjr,  easily  accessible  (and  at  the  same   tim^ 
offering  some  very  attractive  scenery),  presents  the  required  condition 
of  showing  the  relation  of  the  pipes  to  the  main  masses  of  sand  an 
gravel,  and  also  the  independence  of  the  whole  to  the  exbting  coil^ 
figuration  of  the  surface.    The  heights  are  taken  approximately  ynH 
tbe  aneroid  barometer  and  may  not  be  perfectly  exact,  but  I  believi 
them  to  be  sufficiently  so  for  the  purpose  in  view. 

The  scale  of  heights  to  distances  is  inevitably  greatly  exaggeratedi^i  Gav^ 
in  consequence  of  the  diminutiveness  of  the  subormnate  features  to  b^ 
noticed.    The  scale  of  distances  is  the  same  as  that  of  the  Ordiianct 

*  It  has  since  been  suggested  to  me  that  these  depressions  may  be  caused  Inf 
old  chalk-holes  filled  up  with  rubbish  over  which  the  grass  has  grown,  but  tbi 
decay  of  which  leads  to  a  constant  falling  in  of  the  surface.   This  is  likely  enough  w^  ^xj%^ 
occur,  and  it  would  be  difficult  without  opening  some  of  these  hollows  to  determlM  ^ 

the  point.    The  record  of  such  places  having  been  chalk-holes  is  of  coarse  likely 
soon  to  be  lost,  although  at  the  same  time  one  would  have  expected  the  frequent  v  >^i2>»^ 
excavations  of  such  holes  would  have  caused  the  resulting  appearances  to  be  better  ^^^^^^SS 
known.    Might  not,  however,  the  circumstance  of  decaying  vegetable  or  animal  vm^-^^T^ 
matter  being  accumulated  in  the  excavations  tend  to  the  evolution  of  a  larger  i^^^!''^ 
proportion  of  carbonic  add,  which,  taken  up  by  the  water  draining  from  the  -^^^  ^-S" 
adjacent  surface,  would  tend  to  set  in  operation  the  action  we  have  been  alluding  to  ?  ^^^^-^^^^^^ 
It  is,  I  think,  quite  possible  that  both  the  natural  and  artificial  causes  may  pro. 
duce  the  same  result. 

t  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  222. 

t  The  pipes  in  the  harder  limestones,  which,  where  these  same  conditions  pre- 
vailed,  would  necessarily  operate  a  similar  water-wear,  are  more  likely  to  have  re-     ^ 
suited  from  this  wear  having  been  directed  into  given  channels  by  pre-existing       *^  m^^ 
cracks  and  fissures.    Some  gravel-pipes  in  the  Ragstone  at  Maidstone  afford  excel- 
lent  illustrations  of  such  results. 
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Map,  on  which  the  sections  are  planned.    The  numbers  over  the 
sections  refer  to  the  elevation  in  feet  above  the  mean  sea-level. 

The  pipes  which  are  laid  down  from  personal  observation  are 
marked  with  a  small  cross.  Those  portions  of  the  lines  of  section 
which  did  not  admit  of  examination  show  merely  the  probable  posi- 
tion of  the  pipes. 

The  fanlts  are  omitted  in  the  sections. 

Section  No.  1 . — In  this  section  the  base  was  taken  at  the  river-level 
in  the  valley  of  the  Colne  between  Uxbridge  and  Rickmansworth, 
estimated  at  about  150  feet  above  the  sea-level  (the  level  of  the  Grand 
Junction  Canal  at  Uxbridge  being  113  feet),  nearly  three  miles  in  a 
direct  line  S.S.W.  from  Rickmansworth.  On  the  banks  of  the 
Grand  Junction  Canal,  and  a  few  hundred  yards  northward  of  the 
Harefield  Copper-mill,  is'  a  large  chalk-pit  on  the  side  of  the  hill, 
showing  a  section  of  from  about  80  to  100  feet  deep.  The  chalk 
18  capped  at  the  highest  points  by  a  thick  bed  of  ochreous  flint  gravel, 
with  pebbles  of  the  older  rocks.  This  gravel  here  occupies  a  nearly 
level  plane  on  the  hills,  and  is  distinct  from  the  gravel  which  occu- 
pies the  adjacent  valleys;  between  the  surface  covered  by  the 
fonner,  and  the  gravel  in  the  vallev,  the  face  of  the  chalk  is  de- 
nuded and  comparatively  bare.  The  chalk  in  this  pit  is  full  of 
eravel-pipes,  many  of  them  of  a  very  large  size,  and  descending  to  a 
depth  of  40  to  60  feet.  On  the  slope  between  the  main  mass  of  the 
gravel  and  the  river-level,  isolated  portions  of  gravel-pipes  are  com- 
mon- As,  however,  the  hil  b  here  very  steep,  these  latter  are 
confined  to  a  small  breadth,  and  the  phsenomenon  is  not  so  well 
shown  as  at  many  other  places.  In  a  pit  near  Troy  Farm,  on  the 
west  side  of  the  valley,  two  small  ends  of  gravel-pipes  are  seen  about 
40  feet  above  the  canal  level.  Our  line  of  section,  however,  passes 
up  the  lane  by  Comer  HaD,  a  third  of  a  mile  west  of  which  the 
cutting  on  the  lane-side  (10  to  20  feet  beneath  the  level  of 
the  main  mass  of  gravel,  here  denuded)  shows  three  or  four 
imaU  terminations  of  gravel-pipes  in  the  bare  chalk.  The  summit 
of  the  hill  by  Warren  Farm  and  Ninnings  is  covered  by  the  main 
mass  of  the  gravel,  without  any  sufficiently  deep  sections ;  but  in 
descending  the  lane  by  Hill  Farm  down  to  Chalfont  St.  Peter,  the 
chalk  comes  to  the  surface,  and,  at  an  elevation  of  about  50  feet 
above  the  valley,  exhibits  sections  of  part  of  several  lar^e  and  deep 
pipes,  into  which  a  mass  of  angular  flint  debris  and  of  tertiary  pebbles 
and  sand  has  been  let  down.  Crossing  the  valley,  the  gravel  sets  in 
again  on  the  opposite  hill,  but  no  sections  are  exposed  until  we  reach 
a  small  wood  through  which  the  lane  from  Later's  Green  to  Stamp- 
well  passes.  In  descending  the  hill  at  this  point  there  is  a  chalk-pit 
on  the  right-hand  side  of  the  road.  The  chalk  is  quite  bare,  but 
contains  one  good  detached  gravel-pipe  12  feet  deep,  and  about  10 
to  15  feet  beneath  the  level  which  the  hill  gravel,  if  prolonged, 
would  occupy.  On  Stampwell  and  Pitland's  Wood  Hill  the  ground 
rises  rather  higher,  in  consequence  of  a  thin  outHer  of  the  mottled 
clays  and  sands,  round  which  the  gravel  sweeps,  barely  spreading 
over  it  in  places.    Continuing  our  Ime  over  these  hills  and  through 

VOL.  XI. — PART  I.  G 


Digitized  by 


Google 


82  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

Beaconsfield  we  meet  with  no  deep  sectionB,  and  the  level  of  the 

gormd  does  not  yaiy  very  materially.      Between  this  town  and 
oltspur  Heath  the  gravel  is  again  fonnd,  and  worked  in  several 
places,  hut  the  underlying  chalk  is  not  exposed. 

The  cutting  made  to  lower  the  road  in  descending  from  these 
hills  to  the  valley  of  Loudwater  exposes  on  the  top  of  the  hill  a 
fine  section  of  the  gravel ;  and,  as  the  slope  of  the  hiU  is  not  very 
rapid,  we  have  beneath  this  level  a  section  continued  for  some  di- 
stance through  the  outcrop  surface  of  the  chalk  below  the  level 
of  the  gravel,  in  which  remnants  of  the  latter  are  however  preserved 
in  pipes  ;  the  upper  portion  of  these  and  of  the  chalk,  and  all  the 
overlying  gravel,  nave  been  removed.  There  are  seven  of  these  iso- 
lated pipes  which  can  be  well  made  out  within  a  distance  of  a  few 
hundred  yards.  They  decrease  in  size  as  we  descend  the  slope  of 
the  hiU  ;  those  near  the  summit  are  from  20  to  50  feet  in  dia- 
meter, but,  as  they  go  below  the  level  of  the  road-cutting,  their  apices 
are  not  visible.  Lower  down  the  hill,  on  the  contrary,  we  find  the 
apices  only  of  some  of  the  deeper  pipes.  All,  however,  are  confined 
to  a  depth  of  from  50  to  60  feet  beneath  the  level  of  the  gravel  on 
the  top  of  the  hill.  The  sloping  surface  of  the  chalk  below  that 
depth  is  free  from  any  traces  of  pipes.  So  also  is  the  chalk  in  all 
the  cuttings  in  the  valley  of  Loudwater. 

Carrying  the  line  of  section  over  this  valley  and  across  the  top 
of  the  lane  up  the  hill  from  the  Loudwater  station,  a  pipe  12  feet 
deep  and  5  wide  occurs.  On  the  summit  of  the  hill  at  Flackwell 
we  again  meet  with  the  gravel  in  considerable  thickness,  and  in  a 
pit  on  the  heath,  where  the  chalk  is  worked,  a  few  large  gravel- 
pipes  are  well  exposed.  At  a  short  distance  further  on  the  ground 
rises  30  to  40  feet  higher,  in  consequence  of  an  outlier  of  the  sands 
and  mottled  clays  of  the  Lower  Tertiaries  at  the  spot  marked  Mount 
Pleasant  on  the  Ordnance  Map.  The  gravel  merely  overlaps  the  edge 
of  this  mass,  and  does  not  appear  again  for  some  miles. 

The  feature  to  be  observed  therefore  along  this  line  of  section 
is  the  permanence  of  a  high-level  gravel  on  the  hills  at  an  elevation 
of  from  100  to  200  feet  above  the  present  valleys.  Where  this  bed 
is  in  contact  with  the  chalk,  large  and  numerous  gravel-pipes  are 
always  found  wherever  sufficiently  deep  sections  are  opened ;  and  in 
descending  the  slopes  of  the  hills  all  through  this  district,  wherever 
there  is  a  cutting  in  the  chalk,  at  points  not  exceeding  usually  50 
to  60  feet  lower  than  the  hill  top  (though  sometimes  extending  to 
80  or  90  feet),  detached  portions  of  gravel-pipes  are  constantly  met 
with ;  but  lower  in  the  valleys  than  this  level  the  chalk  is  invariably 
free  from  any  traces  of  these  pipes. 

Section  No.  2. — Starting  from  where  the  chalk  rises  on  the  river 
side,  between  Rochester  and  Upnor,  no  sand-pipes  are  seen  in  the 
pit  there  opened.  Rather  higher,  in  a  pit  N.  of  Frindsbury  Church, 
I  found  three  small  ends  of  pipes  containing  portions  of  the  Thanet 
Sands,  the  mass  of  which  sets  in  a  few  feet  higher  on  the  hill ;  these 
detached  pipes  are  here  covered  by  drift.  In  a  pit  by  the  side  of 
the  lane  leading  N.  from  the  high  road  to  Stroud  Hill  windmills  are 
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two  well-marked  detached  pipes,  both  filled  with  the  Tertiary  sands ; 
one  appears  15  feet  deep  and  20  broad,  but  this  arises  in  conse- 
quoice  of  the  section  only  exposing  the  upper  and  outer  portion  of 
the  pipe ;  the  other  is  1 2  feet  deep  by  1  and  2  in  diameter.  Pass- 
ing then  on  to  the  lane  which  leads  from  Stroud  to  the  "Three 
Crouches,''  at  a  distance  of  about  j^  to  ^  of  a  mile  from  the  high 
road,  the  sides  of  the  lane,  which  are  4  to  8  feet  deep,  exhibit  a 
series  of  segments  of  sand-pipes,  some  of  which  must  be  of  great 
depth  and  size.  I  counted  eight,  varying  in  diameter  from  4  to  50, 
80,  and  eren  100  feet,  within  a  distance  of  less  than  a  quarter  of  a 
mfle.  A  few  feet  higher  up  the  lane  the  Thanet  Sands  set  in.  Two 
small  chalk-pits,  a  short  way  beyond  the  Three  Crouches,  show  bare 
chalk  and  no  pipes,  but  on  the  road-side,  between  the  two,  I  found 
traces  of  one  in  a  cutting  2  feet  deep.  A  little  further  on  is  a  con- 
siderable outUer  of  the  Lower  London  Tertiaries,  capped  at  Shome 
Wood  Hill  by  a  small  patch  of  the  London  Clay.  Traversing  this 
Cobham  ridge,  we  meet  with  the  chalk  again  as  we  approach  Single- 
well. 

The  country  between  these  hills  and  the  next  important  tertiary 
outlier  at  the  Swanscomb  hilb  forms  an  extended  chalk  plain  with 
here  and  there  small  cappings  of  Thanet  Sands,  the  elevation  of 
which  is  on  an  average  nrom  150  to  200  feet  above  the  Thames. 
There  are  many  shallow  chalk-cuttings  and  several  chalk-pits  in 
this  district,  but  not  many  sand-pipes  are  exposed.  There  was  one 
in  a  pit  opened  a  few  years  since  near  I  field  Church ;  traces  of  one 
are  idso  visible  on  the  road-side  just  W.  of  Singlewell.  I  could  find 
no  other  until  near  Dundle  Farm,  where  the  shallow  lane- side 
catting  showed  indistinct  traces  of  several.  Next  in  a  pit,  half  a 
mile  N.  of  Betsham,  remains  of  a  sand-pipe  are  seen*.  Then, 
crossing  the  Swanscomb  hills,  in  a  pit  by  the  lane  skirting  the  W.  side 
of  Hockenden  Wood,  and  at  a  depth  of  5  to  10  feet  beneath  the 
Tertiary  base,  is  a  well-marked  sand-pipe,  measuring  12  feet  by  6. 

Beyond  this  spot  there  are  few  good  sections  and  fewer  sand- 
pipes.  Some  years  since  I  remember  seeing  one  or  two  in  some  old 
pits,  now  grown  over,  on  the  hill  E.  of  Dartford.  Between  this 
town  and  Crayford  the  chalk  is  bare  or  else  capped  by  drift. 

The  same  general  facts  are  observable  along  this  line  of  section  as 
aloDg  the  other.  The  sand-pipes  are  confined  to  a  vertical  zone  of 
chalk  not  extending  usually  to  a  depth  of  more  than  60  to  80  feet 
beneath  the  base  of  the  Tertiaries.  Where  there  are  cuttings  in 
this  zone,  pipes  are  constantly  exposed,  but  in  the  numerous  cuttings 
situated  lower  in  the  valleys  than  this  zone,  as  a  general  rule  no 
traces  of  sand-pipes  are  to  be  found.  Both  in  Sections  1  and  2  the 
chance  of  meeting  with  pipes  decreases,  even  in  this  pipe-zone,  the 
deeper  we  get  from  the  parent  beds. 
JHagram  A  represents  a  theoretical  restoration  of  the  surface  at 

*  A  clearer  instance  however  occurs,  at  a  short  distance  from  our  line  of  section, 
in  a  pit  just  N.  of  Swanscomb,  where  the  chalk  is  traversed  by  a  sand-pipe  15  feet 
deep,  130  feet  above  the  Thames  level,  and  apparently  at  about  the  level  of  the 
base  of  the  Tertiaries. 
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one  of  the  drift  periods.  A  continuous  bed  of  grayel  is  supposed  to 
occupy  a  plain  situated  a  few  hundred  feet  above  the  sea-level.  The 
constant  infiltration  of  water  from  this  g;raTel  is  presumed  to  have 
eroded  the  surface  of  the  chalk,  until  ultimately  the  passage  of  the 
water  has  centred  in  numerous  channels  or  pipes,  into  which  the 
gravel  sank  as  the  cavities  enlarged ;  and  these  vertical  channels, 
now  that  the  country  has  been  drained  and  opened  out  hj  another 
and  deeper  system  of  valleys,  exist  as  dry  gravel-pipes. 

Diagram  B. — In  this  case  we  have  a  continuous  tertiary  sand  bed 
occupying  a  level  ranging  from  the  sea-level  to  500  or  600  feet  above  it, 
and  reposing  upon  a  mass  of  chalk  which,  beyond  the  range  of  these 
Tertiary  Sands,  is  traversed  by  a  deep  river-valley.  This  valley 
consequently  gives  vent  to  the  water  in  the  chalk  and  establishes  a 
low  water-level,  and  therefore  the  water  in  the  sands  S,  not  being 
permanently  held  up  by  the  slight  argillaceous  bed  at  their  base, 
asses  into  the  chalk  and  escapes  to  the  lower  water-level  in  that 
eposit.  The  indentations  on  the  surface  of  the  chalk  represent 
the  cavities  worn  by  the  water  in  thus  effecting  its  escape.  As  in 
Diagram  A,  a  fresh  system  of  drainage  has  since  dried  up  these  old 
water-channels  and  left  them  as  disused  sand-pipes. 
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DONATIONS 

TO  THE 

LIBRARY  OF  THE  GEOLOGICAL  SOCIETY, 

Fnm  July  Ut,  1854,  to  October  3U/,  1854. 


I.    TRANSACTIONS  AND  JOURNALS. 
Presented  by  the  respective  Societiea  and  Editors. 

American  Academy  of  Arts  and  Sciences,  Proceedings.     Vol.  iii. 
Nos.  1-13. 

J.  Wyman. — Cmnium  of  Mastodon,  25. 

L.  A^assiz. — Comparison  of  recent  and  fossil  Shark  teeth,  63, 66. 

J.  ¥^man. — Mastodon  from  Chili,  68. 

C.  T.  Jackson. — Copper,  gold,  and  coal  of  North  Carolina,  68. 

J.  P.  Cooke. — Crystal  of  rhombic  arsenic,  86. 

American  Jounud  of  Science  and  Arts.  Vol.  xviii.  No.  52,  July  1854. 
From  Prof.  SHUmany  M.D.,  For,  Mem.  G.8. 
A  TVlor. — Changes  of  sea^level,  21. 
r  J.  W .  Mallet. — ^Pnosphate  of  iron  and  manganese  from  Norwich, 
Mass.,  33. 
J.  D.  Dana. — Homoeomorphism  of  trimetric  minerals,  35. 
A.  A.  Hayes. — Borocalcite  from  South  Peru,  95. 
T.  Coan.— Crater  of  Kilanea,  Hawaii,  96. 
J.  D.  Dana. — Minendogical  notices,  128. 
W.  P.  Blake. — Recent  earthquake  shocks  in  California,  151. 

Gold  and  platinum  of  Cape  Blanco,  156. 

Notices  of  books. 


No.  53,  September  1854. 


T.  S.  Hunt. — Some  ciystalline  limestones  of  N.  America,  193. 

A.  Tylor.— Changes  of  the  sea^level,  216. 

J.  R.  Brant. — Determination  of  iron,  227. 

J.  P.  Cooke. — Stibiotrizincyle  and  stibiobizincyle,  229. 

J.  D.  Dana. — Mineralogical  notices,  249. 

Von  Kobell. — Isomorphous  and  homoeomorphous  forms,  271. 

Chloritoid  and  clinochlore,  2/2. 

O.  von  Rath. — Alteration  of  scapolite,  272. 
H.  D.  Rogers.— Salt  and  gypsum  of  the  Preston  Salt  Valley,  Vir- 
ginia, 273. 
J.  D.  Whitney.— Metallic  wealth  of  the  United  StatM,  274. 
San  Salvador  earthquake,  277- 
Desulphurizing  metals,  291. 
Separation  of  nickel  and  cobalt,  291. 
Notices  of  books. 

American  Philosophical  Society,  Transactions.     New  Series,  vol.  x. 
part  3.  1853. 

J.  Leidy.— An  extinct  Felis  of  America  (plate),  319. 
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J.  Leidy. — Extinct  Diootylinse  of  America  (plates),  323. 
C.  M.  Wetherill.— Melan-asphalt  firom  Hillsborough,  New  Bram- 
wick,  353. 

American  Philosophical  Society,  Proceedings.     Vol.  t.  Nos.  49,  50. 
Dubois. — Gold  from  Mount  Alexander,  313. 
Fraley.— Gold  from  Delaware  River,  313. 

Athenieum  Journal  for  July,  August,  September  and  October  1854. 

Notice  of  British  Association  Meeting,  nos.  for  September  and 
October. 
Basel,  Natural  Histo^  Society,  Transactions.     Part  1.  1854. 

P.  Merian. — Geology  of  the  vicinity  of  Mendrisio,  71. 

-  Muschelkalk  fossils  of  M.  Salvadore,  near  Lugsno,84. 

Cretaceous  fossils  from  La  Presta,  90. 

Fossil  plant  from  the  Keuper,  91. 

Tertiary  formations  on  the  Jura,  91. 

Von  Grreply. — Section  through  the  Hauenstein  tunnel,  92. 

Some  Jurassic  fossils,  93. 

Freshwater  formation  in  Basel,  94. 

Nautilus  Aturi  in  the  Swiss  molasse,  94. 

A.  Miiller. — Iron  and  nuinganese  ores  in  the  Jura,  95, 98. 

Chlorkalium  from  Vesuvius,  113. 

Bengal  Asiatic  Society,  Journal.  New  Series,  No.  65.  (No.  2. 1854.) 
J.  C.  Haughton. — Geology  of  Singhbhoom,  103. 
Piddington. — Nepaulite,  170. 

Berlin,  Royal  Academy  of  Sciences,  Transactions  for  1853. 
Karston. — Meteorites,  1. 

.    Monatsbericht.     August  to  December  1853. 

.     Vol.  for  1853. 

Groeppert. — Plant-remains  in  amber,  450. 

Karston. — Meteorites,  30. 

G.  Rose.  — Pseudomorphs  of  iron-glance  and  calc-spar,  490. 

Ehrenberg. — ^Volcanic  rocks  of  the  Galapagos,  with  mfUsoria,  180. 

Rammelsberg. — MesoUte  and  Thomsomte,  288. 

Eulogy  of  Von  Buch,  174. 

Ehrenberg. — Nile  deposits,  171. 

G.  Rose. — Arragonite  and  calc-spar,  355. 

Crystalline  and  black  diamonds,  633. 

H.  Rose. — Chemical  and  mineralogical  notices,  43, 241, 250, 363, 
441,  604,  713,  781. 


January  to  July  1854. 


H.  Rose. — Chemical  and  mineralogical  notices,  51,  207,  411. 
Ehrenberg.— Organic  life  at  deep  sea-bottoms,  54, 191, 236, 305. 
Speeches  on  occasion  of  Liebig's  Anniversary,  347. 
Enrenberg. — Nature  and  origin  of  various  greensands,  374,  384. 

Berlin.     Zeitschrifb  der  Deutschen  Geologischen  Gesellschafl.  Vol.  t. 
part  4.  1853. 

Proceedings,  617-619. 

Fifth  Meeting  of  the  German  Naturalists  at  Tiibingen,  Septem- 
ber 1850,  620-^65. 
Strombec,  A.  von. — Oault  in  the  Quader  of  the  Lower  Hartz,  636. 
Desor. — The  iodiniferous  rocks  of  Saxony,  639. 
Fraaa,  O.—The  uppermost  "  White  Jura  "  of  Swabia,  640, 
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Schdbler. — ^The  mineral  springs  at  Kanstadt,  645. 

The  roek-salt  of  Swabia,  652. 

Veins  in  the  granite  of  the  Black  Forest,  65?. 

Biahler,  von. — Limestone  in  the  Keuper,  658. 
Goldenberg. — Si^Iaria,  659. 

Redtenbacher. — Bolenhofen  fossils,  660. 
Mandelsloh. — Dolomite  in  the  Swabian  White  Jura,  662. 
Correspondence,  666-677. 

Rammelsberg,  C. — DeviUe's  notices  of  the  volcanos  of  the  Cana- 
ries, Cape  de  Verde,  and  the  Antilles,  678. 
Schauroth,  C.  von. — Geology  of  the  Duchy  of  Coburg  (map),  698. 
Zimmermann. — The  Grasbrook  near  Hambm^,  743. 

— .     Vol.  vi.  part  1,  1854. 
Proceedings,  1-15. 
Correspondence,  16-20. 

Noeffgerath. — llie  Imperial  Geological  Institute  of  Vienna,  21. 
Koch,  F.  £.— The  tertiaries  of  Lanenburg,  92. 
Rcemer,  Ferd. — ^The  chalk  formation  of  Westphalia  (map),  99. 
Casseday. — New  crinoid  from  the  carboniferous  limestone  of 

North  America  (pkte),  237. 
Sonnenschen,  Fr. — Native  gold  amalgam  in  California,  243. 
Jensch,  G. — Cordate  twin  crystals  of  quartz,  245. 

Vol.  vi.  part  2,  1854. 


Proceedings,  249-263. 

Correspondence,  264-274. 

Bichter.'Tentaculites  of  Thuringia  (plate),  275. 

L.  Meyn. — Chronology  of  the  paroxysms  of  Heda,  291. 

G.  Rose. — ^Weatheredphonolite  of  Kostenblatt,  Bohemia,  300. 

Wessel. — Jurassic  rocks  in  Pomerania  (geol.  map),  305. 

P.  von  Semenow. — Fauna  of  the  Silesian  carboniferous  limestone 
(3  plates),  317. 

Spengler. — ^Asphalt  in  the  Zechstein  at  Kamsdorf  (plate),  403. 

Beyrich. — Shells  of  the  tertiary  district  of  North  Germany :  se- 
cond part  (10  plates),  468. 

Bonbi^  Geographical  Society,  Transactions.     Vol.  zi.  1854. 
Aytoun. — Geology  of  Belgaum,  1,  30. 

Bonn.   NoTB  Acta  Acad.  Csesar.  Leop.  Carol.  Nat.  Cor.    Vol.  xxiv. 
part  1,  1854. 

Boston  Nataral  History  Society,  Journal.     Vol.  vi.  No.  3. 

D.  A.  Wells.— Analysis  of  the  soils  of  the  Scioto  Valley,  Ohio,  324. 

.     Proceedings.     Nos.  15-24  (Nov.  1852— April  1854). 

Rneekmd.— Moa  bones  from  New  Zealand,  236,  298. 
C.  T.  Jackson. — ^AnaWsis  of  remains  of  Paleeoniscus,  239. 
Hunter. — Diamonds  from  North  Carolina,  240. 
(President.)— Cranium  of  Felis  gmyhdon,  256. 
C.  T.  Jackson. — Enpyrchroite  from  near  Lake  Champlain,  260. 
Jackson  and  Alger. — Mineralogical  notes,  265. 
Hitchcock  and  Gould. — Brandon  lignite,  287. 
C.  T.  Jackson.— Franklinite,  295,  308. 
Rogers. — Depth  of  the  cretaceous  ocean,  297. 
Kneeland.— Earthquake  at  Manilla,  Sept.  16, 1852,  300. 
(President)  and  Wvman.— Mastodon  and  fossil  elephants,  377. 
Hitchcock. — Fossil  foot-marks  in  Connecticut,  378. 
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Britiflh  Association  for  the  Advancement  of  Science.     Report  of  the 
23rd  Meeting,  held  at  Hull,  Sept.  1853.     1854. 
Blake,  J. — ^Auriferous  quartz,  Sect.  p.  50. 
Buckman,  J. — Cornbrash  of  Gloucestershire  and  Wilts,  50. 
Charlesworth,  E. — Spiral  body  in  fossil  sponge,  51. 
Denny,  H. — Hippopotamus  in  valley  deposit  near  Leeds,  51. 
Johnson. — Chemictd  change  in  rocks,  52. 
Kemp,  G.  C. — Waste  of  the  Holdemess  coast,  53. 
Phillips,  J. — Unconformity  in  Yorkshire  strata,  53. 

Elevated  erratic  blocks,  54. 

New  PlesiosauruB,  54. 

Rankin,  T.— Boulders,  54. 

•  Sedgwick,  A. — Older  palaeozoic  rocks  of  Britain,  54. 

Strickland,  H.  E. — Pseudomorphous  orstals  in  the  New  Red,  61. 
Thomson,  W.  T.  C— Ayrshire  fossils,  61. 
Townsend,  R.  W. — Cleavage  in  the  slate  rocks  of  Cork,  61. 
Twamley,  C— Fault  in  the  Warwickshire  coal-field,  62. 

Brossels,  L'Acad^nie  Royale  des  Sciences,  des  Lettres  et  des  Beaux 
Arts  de  Belgique.    Annuaire,  1854. 

.     BuUetms.     Vol.  xx.  part  3,  1853. 

Nyst. — Report  on  M.  Dewael's  observations  on  the  tertiaries  of 

Antwerp,  vol.  xx.  pt.  1.  3. 
Dewael,  N. — The  tertiaries  of  Antwerp,  30. 
H^rt. — The  calcaire  pisoUtiaue,  369. 
Nyst. — The  tongrian  and  rupelian  systems,  314. 
Fossil  elephant's  tooth  in  the  Antweq)  crag,  vol.  xx.  pt.  2.  255. 
Human  bones  in  a  cavern  near  Li^ge,  vol.  xx.  pt.  3.  42?. 
Vol.  xxi.  part  1. 


Perrey.— Earthquakes  in  1853,  457. 

Raymond. — Earthquakes  in  Greece  in  1853,  489. 

— .     Sapplement  to  the  Bulletins  for  1853-54. 
Dervalque,  G. — Lower  lias  of  Luxemboiug,  145. 

Memoires  couronn^.     Vol.  xxv.  1851-53. 


Chapnis,  F.,  and  G.  Dervalque. — Fossils  of  the  secondary  rocb 
of  Luxembourg  (plates). 

Canadian  Jonmal  and  Record  of  the  Proceedings  of  the  Canadian 
Institute.     June  1854. 

Scadding,  H. — ^Vesuvius,  261. 

Lonin  and  Hunt. — Composition  of  fossil  shells,  264. 

Billings,  E.— New  Cystidea,  268. 
.     July  1854. 

Machlan.— Oscillation  of  lakes,  293. 

Rive,  De  la.— Glaciers,  313. 
August  1854. 

W.  £.  Logan.— Geology  of  the  western  district  of  Upper  Canada 
(map  and  plate),!. 

B.  W.  Hawkins.— Educational  geology  at  the  Crystal  Palaoa 

(plate),  9. 
R.  L  Murchison. — Distribution  of  gold,  16. 

'  — .     September  1854. 

W.  E.  Logan.^Geology  of  Western  Canada,  27. 

C.  Lyell.— Geological  report  on  the  United  States,  35. 
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T.  S.  Himt. — Crystalline  limestones  of  North  America,  36. 

Vicat. — Action  of  sea-water  on  hydraulic  cements,  41. 

Changes  in  the  levels  of  the  lakes,  43. 

J.  Forbes. — Norway  glaciers,  44. 

S.  D.  Whitney.— Metallic  wealth  of  the  United  States,  45. 

N.  Callan. — Stanno-plumbated  iron,  45. 

Architectural  use  of  soapstone,  46. 

Chemical  Society,  Quarterly  Journal.     Vol.  vii.  No.  2,  July  1854. 
No.  3,  Oct.  1854. 

Civil  Engineer's  and  Architect's  Journal.    August,  September,  and 
November  1854. 

Cotteswold  Naturalists'  Club,  Proceedings.    Vol.  i.  1853. 
Lycett,  J. — Great  ooUte  of  Minchmhampton,  11,  17. 
Hyett,  W.  H.— Heighto  of  the  Cotswolds,  38. 
Lycett,  J.~Trichites,  42. 
Brodie,  Rev.  P.  B.— Collyweston  slates,  52. 
Lycett,  J. — Fossil  shells  of  the  inferior  oolite,  62. 
Wright,  T.— Coast  section  of  Isle  of  Wight,  87. 

Strombidse  of  the  oohtes,  1 15. 

Lycett,  J. — Fossil  Pteroceras,  118. 

Wright,  T.— Coast  section  of  Hampshire,  120. 

CidaridsB  of  the  oolites,  134. 

Cassidulidse  of  the  oolites,  174. 

Isle  of  Wight  fossils,  229. 

Lycett,  J.— Gryphsea  from  the  Cotteswolds,  235. 

Tancredia  and  Hettangia,  237. 

Brodie,  P.  B.— Lias  at  Fretheme;  lias  foraminifera ;  pleistocene 

beds  in  Gloucestershire,  241. 
Lycett,  J. — Trigonise  of  the  inferior  oolite,  247. 
Buckman,  J. — Combrash  of  Cirencester,  262. 

Fossil  dragon-fly  from  Dumbleton,  268. 

France,  Sod6ti  Gfologique  de,  Bulletin.     2  s^r.  vol.  xi.  feuil.  4-10. 
Nov.  1853-Jan.  1854. 

Lockhart. — Sur  un  nouveau  d^p6t  d'ossemens  fossiles  du  d^ 

partement  du  Loiret,  50. 
Delanoiie. — Sur  la  roche  appel^e  Tun,  53. 
A.  Delesse. — Sur  la  proportion  de  sable  m^Ung^e  k  la  chaux 

carbonat^e  de  Fontainebleau,  55. 
Ami  Bou^.—  Sur  la  pal^ographie,  I'hydrographie,  et  I'orographie 

du  globe  terrestre,  etc.,  60. 
£d.  Collomb. — Sur  un  voyage  gdologique  en  Corse,  en  Sardaigne, 

en  Italic,  et  en  Sicile,  63. 
Vilanova. — Notes  g^ologioues  sur  la  Sicile  et  I'ltalie  centrale,  80. 
J.  Marcou.— Sur  une  exploration  des  passages  des  Montagues 

Rocheuses,  87. 
Koechlin  Schlumberger. — Sur  la  grauwacke  m^tamorphique  de 

Thann,  89. 
A.  Delesse. — Sur  les  retinites  de  la  Sardaigne,  105. 
Renevier. — Sur  les  terrains  de  la  perte  du  Kh6ne,  114. 
Albert  Gaudiy. — Sur  la  composition  geologique  de  Itle  deChypre, 

120. 
A.  Delesse. — De  Faction  des  alcalis  sur  les  roches,  127. 
Schea«r. — Sur  la  composition  des  feldspaths,  146. 
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De  Keyserling. — Sui  Temploi  des  noma  g^^riques :  Fooosifa 

et  Calamopora,  149. 
A.  Delesse,— Sur  la  terre  verte  de  Framoiit,  163. 
J.  Marcou. — Sur  la  g^logie  des  Montagnes  Rocheusei  entre  le 

Fort  Smith  (Arkansasj  et  Albuquerque  (Nouveau-Mexique), 

156. 
France,  Soci^t^  G&logique  de.  Bulletin.     2  s^r.  vol.  xi.  feuil.  1 1-18. 
Jan.  et  Feb.  1854. 

J.  Bairande.— Sur  lea  plantes  fosailes  de  la  Thuringe,  164. 

De  Bouchepom. — Sur  son  nouvel  ouvraffe,  intitule :  Du  prindpe 

g^n^M  de  laphUosophie  naiureUe,  167. 
J.  Foumet.— Sur  lea  terrains  anciens  de  Neffiez  (Lan|rQedoe),  169. 
Tb.  Davidson. — Sur  la  distribution  g^ologique  des  Brachiopodes 

dans  lea  flea  Britanniquea,  171. 
D'Arcbiac. — Coupe  g^logique  dea  environs  des  Baina  de  Reanei 

(Aude),  auivie  de  la  description  de  quelques  foasiles  de  cette 

locality  (PI.  I.  k  VI.).  185. 
De  Rottermund. — Sur  un  instrument  ^tabli  pour  mesorer  les 

distances  et  lea  niveaux  (PL  VII.),  230. 
Dewalque. — Sur  les  divers  Stages  de  la  partie  inf^eure  du  lias 

dans  le  Luxembourg  et  les  contr^  voisines,  234. 
Saemann.— Sur  I'&ge  de  la  couche  jurassique  de  la  Fauneli^ 

pres  de  Conlie  (Sarthe),  261. 
Rozet. — Sur  les  dialocationa  des  terrains  supercr^tac^  des  Alpei 

et  des  Apennins,  283. 


feuU.  19-26.  Feb.-April  1854. 


Acb.  de  Zi^o. — D^couverte  de  plantes  fosailea  dana  lea  tenaiiifl 

jurasaiquea  dea  Alpea  de  la  V^netie,  289. 
Ant.  Toscbi. — Decouverte  de  Coprolites  dana  lea  environa  d'Imola 

(Romagne),  291. 
Micbelin.— Extrait  d'un  programme  de  prix  k  d^cemer  pour 

I'emploi  de  Tacide  borique  et  du  borax  dans  lea  arts  cera- 

miques,  308. 
J.  Barrande. — Sur  lea  rapporta  de  la  atratigrapbie  et  de  la  pa- 

l^ntologie  (PL  VIIL),  311. 
Marquia  de  Roya. — Sur  les  dialocationa  des  terrains  4  rextr^mit^ 

de  la  vall^  du  Rbdne,  325. 
D.  Casiano  de  Prado. — Sur  la  conatitution  g^logique  de  la  pro- 
vince de  S^govie  (Eapagne),  330. 
G.  Mortillet. — Sur  la  atratigrapbie  de  la  couche  k  Ceritknm  pU- 

catum  de  Pemant»  pr^a  d'Arrache  (Savoie),  341. 
Bayle. — Sur  dea  osaemena  foaailea  trouv^  pr^  de  Gonatantinei 

343. 
Scarabelli. — Sur  le  m^tamorpbiame  de  oertaina  gypaea,  346. 
Bonissent. — Sur  le  at^aacbiate  de  la  Hogue  et  aur  le  achiate  do 

Roael,  347. 
G.  Cotteau. — Sur  les  Echinides  de  P^tage  kimm^idgien  du  d^- 

partement  de  TAube,  351. 
Albert  Gaudry.— Sur  le  mont  Pent^que  et  le  gisement  d'oasc- 

mens  fossiles  situ^  k  sa  base,  359. 
P.  de  Tchibatcbef. — Sur  les  d^6ta  tertiaires  d'une  partie  de  la 

Cilicie  Trach^e,  de  la  Cilicie  Champetie  et  de  la  Cappadoce 

(PL  IX.),  366.  . 
Dep6ts  tertiaires  du  midi  de  la  Carie  et  d'uae 

partie  septentrionale  de  la  Piaidie,  393. 
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P.  de  Tchihatchef. — ^D^p6t8  pal^zoiques  de  la  Cappadoce  et  du 
Bosphore,  402. 

Franklin  Institute,  Joornal.    3rd  series,  vol.  xxvii.  No.  6,  June  1854 ; 
Tol.  xx\Tii.  No.  1,  July;  No.  2,  Aug. ;  No.  3,  Sept.  1854. 

Geneya,  Society  de  Physique  et  d'Histoire  Naturelle  de  Genfeve,  M^ 
moires.     Vol.  xiii.  part  2,  1854. 

Pictet  and  Roux. — Fos^  molluacs  of  the  greensand  of  Geneva 
(plates),  279. 

Gottingen,  Studien  desGottingischenVereinsBergmannischerFreunde. 
Herausg^ben  von  J.  F.  L.  Hausmann.     Vol.  vi.  part  3,  1854. 
Haiumann,  J.  F.  L. — Quicksilver  in  the  Luneburg  diluvial  forma- 
tion, 259,  425. 
Dunker,  W.— Freshwater  molluscs  of  the  Brown-coal-formation 

of  Grossalmerode,  268. 
Hausmann,  J.  F.  L. — The  granite  of  the  Harz,  286. 

Dolomite  in  the  Hamberg,  near  Gottineen, 

295. 

Pseudomorphs  of  Brown-iron-stone,  311. 

Blast-furnace  slags,  323. 

Hanau,  Jahresbericht  der  Wetterauischen  Gesellschafl  fur  die  ge- 
sammte  Naturkunde.     For  1 850-5 1 .     1 85 1 . 

Ludwig,  R. — Geology  of  the  Grand-duchy  of  Hanau,  9. 
Theobald,  G.,  C.  Rossler,  R.  Ludwig,  and  Fr.  Sandberger. — Geo- 
logical notices  of  the  Wetterau,  75. 
Geinitz.— The  Zechstein  of  the  Wetterau,  196. 


From  August  1851  to  1853.     1854. 


Rossler,  C— Fossils  of  the  Zechstein  of  the  Wetterau,  54. 
Reuss,  A.  E. — Entomostraca  and  Foraminifera  of  the  Zechstein 

of  the  Wetterau  (plate),  59. 
Ludwig,  R. — Kupferschiefer  and  Zechstein  of  the  Vogelsberg  and 

Spessart,  78. 
Middle-Rhine  Geological  Society,  Rules  of  the,  157. 

Horticultural  Society,  Journal.     Vol.  ix.  part  3,  July  1,  1854. 
Indian  Archipelago  Journal.   Vol.  viii.  Nos.  1  &  2,  Jan.  &  Feb.  1854. 

.     Nos.  3  and  4,  March  and  April  1854. 

Croockewit,  H. — ^Tin  mines  of  Malacca,  112. 

Institute  of  Actuaries :  Assurance  Magazine.  No.  16,  vol.  iv.  pt.  4, 
July  1854. 

.     No.  17,  vol.  v.  pt.  1,  Oct.  1854. 

.     List  of  Members,  1854. 

Jahresbericht  uber  die  Fortschritte  der  reinen,  pharmaceutischen  und 
technischen  Chemie,  Physik,  Mineralogie  und  Geologic.  Unter 
mitwirkung  von  H.  Buft,  E.  Dieffenbach,  C.  Ettling,  F.  Knapp, 
H.  Will,  F.  Zamminer  herausgegeben  von  Justus  Liebig  und 
Hermann  Kopp.     \b53,  part  1,  1854. 

.     Part  2,  1854. 

Mineralogy,  772-862. 

Chemical  geology,  structure  of  rocks,  decomposition  of  rocks, 
unstratified  rocks,  stratified  rocks,  meteorites,  864-931. 
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Jotumal  de  Math^matiques  pures  et  appliqu&s,  public  par  Joseph 
Liouville.  Table  des  mati^res  contenues  dans  les  quinze  pre- 
miers Tolumes.     1851. 

Li^ge,  Sod^t^  Roy  ale  des  Sciences  de,  M^moires,    Vol.  ix.  1854. 

Lille,  Soci^t^  des  Sciences,  de  T  Agriculture,  et  des  Arts  de,  M^moires. 
For  1847  (2  parts). 

.     For  1848. 

Literary  Gazette,  55  back  Nos.,  and  Nos.  for  July,  August,  Septem- 
ber, and  October.     From  L,  Reeve,  Esq,,  F.G.S. 
Notices  of  the  British  Association  Meeting,  September. 

London,  Edinburgb,  and  Dublin  Pbilosopbical  Magazine  and  Journal 
of  Science.     Fourth  series,  vol.  viii.  No.  48,  July  1854. 
Hunt,  T.  S.— Wilsonite,  499. 
Hooker,  J.  D. — ^Trigonocarpon,  516. 

— ^ .     No.  49,  July  1854. 

.     No.  50,  August  1854. 

Day,  A. — Mineralogical  notices,  137. 

No.  51,  September  1854. 


Magnus,  G. — Sulphur,  177. 

Willia       -  -     - 


lams,  C.  G. — Dorsetshire  shale;  naphtha;  and  platinum  aaltt, 
209. 

.     No.  52,  October  1854. 

Sedgwick,  A. — May  Hill  sandstone  and  palaeozoic  rocks,  901. 

.     No.  53,  November  1854. 

R.  P.  Greg.— Meteorolites,  329. 

A.  Sedgwick. — May  Hill  sandstone  and  paLeozoic  rocks,  359. 

Madrid,  La  Academia  Real  de  Ciencias  de  Madrid,  Resumen  de  las 
actas.     For  1847-48.     1848. 


For  1848-49.     1849. 


Madrid,  Academia  Real  de  Ciencias  exactas,  fisicas  y  naturales. 
Statutes,  1848. 

Medical  Circukr.    Vol.  v.  nos.  118-122,  1854. 

Nuovi  Annali  delle  Scienze  Naturali.    Third  series,  vol.  vi.    July  to 
December  1852. 

CatuUo. — Red  ammonite  marble,  197. 

Massalongo.— Fossil  fruits  of  Leffe,  Bergamo  (plates),  253. 437. 

Orlandi. — ^Agricultural  geology,  134. 


Vol.  vii.  January  to  June  1853. 


CatuUo.— Fossil  plants  of  the  Vicentin,  17. 
Scarabelli.— Mineral  wealth  of  Bologna,  302. 

— .     Vol.  viii.  July  to  December  1853. 
Meneghini. — Minerals  of  Bisano,  136. 
Massalongo.— Tertiary  plants  of  Southern  Italy  (plates),  193,258. 
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Paris,  L'Acad^ie  des  Sciences  de  I'lnstitat  Imperial  de  France. 
(Scien.  Math,  et  Fhjs.)    M^moires  pr&ent&.    Vol.  xii.  1854. 

Fkris,  Academy  of  Sciences.     Comptes  Rendus^  1853.    Deoz.  Se- 
mest. 

Serres,  M.  de. — Shelly  heds  near  Ounn,  Alters,  188. 

Fossil  shells  near  Bahia,  3b2, 

Melloni. — Magnetism  of  Tolcanic  rocks,  229. 

Bonis.— Products  of  the  decomposition  of  rocks  hy  sulphuroui 

thermal  waters,  234. 
Yanvert,  M.  de.— Mud  yolcanos  of  Turhaco,  S.  America,  292. 
DesToidy,  R. — Ossiferous  cavern  of  Arcy-sur-Cure  (Yonne),  463. 
ParaTcy,  de. — Ossiferous  caTern  near  Rahenac,  548. 
Foumet. — Calcareous  oohte  in  vegetable  soil  near  Lyons,  926. 
Tcbihatcheff,  P.  de.— Asia  Minor,  757. 
Lefebvre,  R. — Colouring  of  geological  maps,  762. 
Jaeger. — Mammalian  remains  in  the  diluvium  of  the  Danube 

valley,  53. 
Duvemoy. — Report  on  M.  Jseger's  paper,  231. 
Joly  and  Lavocat. — Pentadactyle  type  in  fossil  mammals,  242. 
Gervais. — Ptiocene  carnivore  from  Montpellier,  353. 
Senes,  M.  de. — Fossil  plants  in  the  slate  rocks  near  Lod^e  (H^> 

fault),  500. 

Comparison  of  size  of  recent  and  fossil  animals» 

866. 


1854,  Prem.  Sem.  nos.  23-26. 


Th^nard.— Mineral  waters  of  Mont  Dore,  986,  1093. 
Fremy. — Metals  associated  with  platina,  1008. 

.     1854,  Deux.  Sem.  nos.  1-15. 

Danbr^e. — Artificial  production  of  siUcates  and  aluminates,  135. 
Nickl^s,  J. — On  intmerence  with  the  process  of  crystallization, 

160. 
Malaguti  and  Durocher. — Hydraulic  hmes,  183. 
Schli^iitweit. — Researches  in  the  Alps,  278. 
Serres. — Human  palseontolo^,  314. 
Deville. — ^Alumimum  and  sihcium,  321. 
Bouquet. — Mineral  waters  of  Vichy,  Cusset,  Vaisse,  Hauterive, 

St.  Gorre,  Medagne,  Chateldon,  Brugheas,  and  Senillet,  326. 
Delaneue. — Metamorphism  of  rocks,  365. 
Zantedeschi. — Lunar  mfluence  on  earthquakes,  375. 
Rozet.— Geology  of  the  Alps,  473. 
De  Beaumont. — Origin  of  dolomites,  525. 
Bertrand. — ^Earthqudce  in  the  d^p.  de  la  Vienne,  July  20, 1854> 

697. 
Royal  Asiatic  Society,  Journal.     Vol.  xvi.  part  1,  1854. 

Newbold.— Geography  and  geology  of  the  River  Jordan,  &c.,  8. 

.     Descriptiye  Catalogae  of  the  historical  Manuscripts  in 

the  Arabic  and  Persian  languages,  preserved  in  the  Library  of 
the.     By  W.  H.  Morley,  1854. 

Essay  on  the  Architecture  of  the  Hindus.    By  R^ 


R^,  1834. 
Boyal  Cornwall  Polytechnic  Society,  21st  Annual  Report,  1853. 
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Royal  Geographical  Society.     Anniversary  Address,  May  22,  1854, 
by  the  Rt.  Hon.  the  Earl  of  EUesmere,  President. 

Royal  Institution,  Notices  of  Meetings.   Part  4.   Nov.  1853  to  Julj 
1854. 

J.  Barlow. — Silica  and  its  application  to  the  aria,  422. 

E.  Forbes. — Polarity  in  the  distribution  of  organized  beingi  in 

time,  428. 
H.  M.  Noad. — Manufactore  of  iron,  434. 

.     List  of  Members,  1854. 


Royal  Society  of  London,  Proceedings.     Vol.  vii.  nos.  4,  5,  6. 
Smithsonian  Institution.    Smithsonian  Contributions  to  Knowledge. 
Vol.  vi.  1854. 

J.  Leidy. — Extinct  mammalia  and  chelonia  of  Nebraska,  Ait.  7 
(plates). 

.     Seventh  Annual  Report  of  the  Board  of  Regents,  1854. 

.     Directions  for  collecting,  preserving,  and  transporting 

specimens  of  Natural  History,  2nd  ed.  1854. 

.     Registry  of  periodical  phsenomena. 

List  of  Foreign  Institutions  in  correspondence  with  the 


Smithsonian  Institution,  1854. 

Natural  History  of  the  Red  River  of  Louisiana :  from 


the  Report  of  Capt.  R.  B.  Marcy,  1853. 

Catalogue  of  the  described  Coleoptera  of  the  United 


States,  by  F.  E.  Melsheimer,  assisted  by  S.  S.  Haldeman  and 
John  L.  Leconte,  1854. 

Statistical  Society,  Journal.     Vol.  xvii.  pt.  3,  Sept.  1854. 

Van  Diemen's  Land,  Royal  Society,  Proceedings.    Vol.  ii.  pt.  2, 
January  1853. 

Denison. — Value  of  native  gold  specimens,  201. 
Kenworthy. — Analysis  of  gold  specimens,  313. 
Murchison. — Gold  produce  of  Australia,  348. 
Lyell. — Progressive  development,  359. 

Vienna,  Imperial  Academy  of  Sciences,  Bulletin.  (Math.  Nat.  Class.) 
Vol.  xii.  part  1,  January  1854. 

Kenngott,  A. — Mineralogical  notices,  22. 
Etting^shausen,  C.  von. — ^Nervation  of  recent  and  fossil  Euphor- 
biaces,  &c.  (plates),  138. 

.     Part  2,  February  1854. 

Kenngott,  A. — Mineralogical  notices,  161. 
Ettingshausen,  C.  von. — Eocene  plants  in  Dalmatia,  180. 
Haidinger,  W.— Felsobanyt,  183. 

.     Part  3,  March  1854. 

Kenngott,  A. — Mineralogical  notices,  281,  485. 
Haidinger,  W. — M.  Senarmont's  coloured  crystals,  400. 

' Pleochroism  and  amethyst,  401. 

Bou^,  A. — Brecciated  dolomites,  limestones,  and  sandstones,  422. 
Heckel,  J.— Pycnodont  fishes,  433. 
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Haidinger,  W.— Purtschine,  480. 

Mullen  J.  H.  T.— Crystallometry,  616. 

Boue,  A. — ^Tempeniture  of  the  eartb  in  the  Carboniferous  period, 

627. 
Grailich,  J.— Mica,  536. 

Vienna,  Imperial  Academy  of  Sciences,  Bulletin.  (Math.  Nat.  ClasB.) 
Vol.  xii.  part  4,  April  1854. 

Haidinger,  W. — Rock-crystal,  546. 

Renas,  A.  £. — FVroretine,  a  fossil  resin  from  the  Brown-ooel 

formation  of  Bohemia,  561. 
Stanek,  J. — Fossil  resin  from  Salesel  near  Aussiz,  654. 
Unger,  F. — Flora  of  the  Cypridinen-schiefer,  696. 
Kenngott,  A. — Mineralogical  notices,  701. 

.  Supplement  to  5th  part  of  vol.  ix.  Plates  for  the  Re- 
port on  the  Polygraphic  Apparatus  of  the  Imperial  Printing 
Office  at  Vienna,  by  A.  Auer. 

.     Transactions.     Vol.  vii.  1854. 


Reuss,  A.  £. — Cretaceous  fossils  of  the  Eastern  Alps,  especially 

of  Gosau  and  St.  Wolfgang  (plates),  pt.  1,  p.  1. 
Unger,  F. — Fossil  flora  of  Uleidienberg  (plates),  pt.  I,  p.  167. 
Suess,  £. — Fossil  brachiopods  of  Kossen  (plates),  pt.  2,  p.  29. 

Vienna,  The  Imperial  Geological  Institute,  Jahrbuch.  Vol.  iv.  no.  3, 
July,  Aug.,  Sept.  1853. 

D.  Stur.— The  geology  of  the  Enns  Valley,  461. 
C.  Zerrenner.— -The  geology  of  Okhpian  in  Transylvania,  484. 
—^^        Temperatures  of  rivers,  springs,  and  lakes,  492. 

The  geology  of  part  of  South  Sclavonia,  493. 

V.  Widtermann.— The  refinery  at  the  Schwallboden,  498. 

The  varieties  of  the  gymnite  of  Fleims,  526. 

H.  Wolf. — Barometric  heights  in  Hungary  and  Steiermark,  628. 

A.  Senoner. — Heights  in  Hungary,  Croatia,  and  Sclavonia,  634. 

A.  Hanch. — Employment  of  hyposulphate  of  soda  in  the  extrac- 
tion of  silver,  644. 

A.  von  Heyden. — Geology  of  Carpano,  in  Istria,  546. 

L.  von  Vukotinovich. — Ueology  of  the  Kalnik  range,  Croatia,  650. 

J.  Fl.  Vogl. — Lindackerite  and  Lavendulane  from  Joachimsthal, 

562. 
C.  R,  von  Hauer. — The  oxidoxydule  of  Uranium,  557. 
W.  Haidinger. — The  sounds  heard  at  Monte  Tomatico,  near 

Feltre,  659. 
Rivot  and  Duchanoy. — Mining  district  of  Nagybanya  (Hungary), 

568. 
Chemical  laboratory  work  of  the  Institute,  and  Reports  of  the 

Institute,  &c.,  630. 
Price  list  of  metallic  produce,  665. 

— .    Vol.  iv.  no.  4,  Oct.,  Nov.,  Dec.  1853. 

J.  Noenerath. — Impressed  pebbles  in  conglomerates,  667. 

W.  Haimnger. — Calc-spar  crystals  from  tne  Agnes  mine  near 

Moldowa,  680. 
J.  von  Ferstl. — Mineral  springs  of  Luhatschowitz,  683. 
V.  R.  von  Zepharovich.— Minerals  from  Mutenitz,  Bohemia,  695. 
Fr.  Ragsky. — ^The  mineral  water  of  Ivandaer,  701. 
V.  J.  Mehon.— Tertiary  shells  of  Moravia,  703. 
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V.  R.  Ton  Zepbarovich.— Remaina  of  Mastodon  angngtidens  nar 

St.Veit(Carinthia),  711. 
F.  R.  Ton  Hauer.— The  trias,  lias,  and  Jura  of  the  N.£.  Alps,  715- 
RiTot  and  Duchernoy. — Metallui^cal  works  (gold  and  silTer)  in 

the  Schemnitz  district,  Hungary,  785. 
Chemical  laboratory  work  of  the  Institute,  and  Reports  of  the 

Institute,  &c.,  826. 
Price  list  of  mineral  produce,  881 . 

Yorkshire  (West  Riding)  Geological  and  Poljtechnic  Society,  Report 
of  Proceedings,  for  1853. 

H.  C.  Sorby.— Skty  cleavage,  300. 

H.  Denny. — Hippopotamus  remains  near  Leeds,  321. 


II.    GEOLOGICAL  CONTENTS  OF  PERIODICALS 
PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     Second  Series,  vol.  xiv. 
No.  79,  July  1854. 

Forbes,  E.— Colour  in  fossil  shells,  67. 
.     No.  80,  August  1854. 

Carter,  H.  J.— Alveohna  (plate),  99. 

M*Coy,  F. — New  cretaceous  Crustacea  (plate),  116. 

No.  81,  September  1854. 


Mantell's  Medals  of  Creation,  noticed,  201. 

Hooker,  J.  D. — Trigonocarpon,  209. 

Balfour. — Coal-plants  and  structure  of  coal,  229. 

— .     No.  82,  October  1854. 
Bowerbank,  J.  S. — Fossil  bird-bone  in  London  clay,  263. 

No.  83,  November  1854. 


L.  Agassiz. — The  primitive  diversity  and  number  of  animals  in 
geological  times,  350. 

Edinburgh  New  Philosophical  Journal.   No.  1 1 3,  April  to  July  1854. 
Stoker,  H.  M.— China-clay  of  Cornwall,  60. 
Paragenetic  relations  of  minerals,  58. 
Harkness. — Coal,  66. 
Dana,  J.  D. — Ocean  temperature,  92. 
Forbes,  E. — Address  to  Geological  Society,  99. 
On  Wemerite,  124. 
Pu^he,  £. — Mosaic  cosmogony,  146. 
Smith,  J.  A. — Bos  longifrons,  162. 
Classification  of  the  fossiliferous  rocks,  173. 
Icebergs,  176. 
Deep  sea  bank,  177. 
Artesian  well  temperature,  178. 
Fuchs.— On  iron,  179. 
Artificial  malachite,  179. 
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Forbes,  E. — Colour  in  fossil  testacea,  179. 
Brown. — Mississippi  River  and  its  Delta,  181. 

Edinburgh  New  Philosophical  Jounuil^     No.  1 14,  July  to  Oct.  1854. 
Serres,  M.  de. — Old  and  new  world,  280. 
Agassiz,  L.— Animals  in  geological  times,  271. 
Artificial  minerals,  292. 
Daubree. — Artificial  minerals,  307. 
Present  state  of  geology ;  notice  of  "  Siluria,"  did. 
Forbes,  £.— Organic  pokrity,  332. 
Senarmont,  de. — Formation  of  minerals,  347. 
Henwood,  W.  J.—Tellurium,  363. 
Mineralogical  notices,  365. 
Earthquake  indicator,  367. 
Animal  sediment  in  the  sea,  368. 
Bitumen  in  stratified  rocks,  368. 
Strength  of  building-stone,  371. 
Theory  of  earthquakes,  371. 

Kanten  and  Dechen's  Archiv  fur  Mineralogie,  Geognosie,  Bergbau 
und  Huttenkunde.     Vol.  zxvi.  part  1,  1854. 

Von  Unger  and  A.  Schlonbach. — On  the  rock-salt  boring  at  Lie- 
beimalle  and  the  works  connected  with  it  (geol.  map,  and 
plates),  3. 
A.  fluyssen. — Description  of  the  means  used  in  Westphalia  to 
sink  bore-shafts  and  to  render  them  water-tight  (pUite),  65. 
Jugler. — The  administration  of  the  mining  works  of  the  Upper 
Hartz  of  Hanover  since  1837,  115. 

The  silver  mining  of  the  Upper  Hartz  to  the  end  of  the 

vear  1849,  and  the  Ernest  Augustus  mine  (map  and  plates), 
199. 

C.  J.  B.  Karsten. — On  meteorites,  and  on  a  remarkable  meteorite 
which  fell  near  Thorn,  295. 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Min.  u.  s.  w.     Jahrg. 
1854,  part  3. 

Volger,  G.  H.  O. — ^Transformation  of  calcite  deposits  into  fd- 

spathic  rocka  and  on  development  of  minerals,  257. 
Kjeruif,  Th. — Chemico-geognostical  researches  in  the  Christiania 

territory,  299. 
Hessenberg,  F. — On  the  Reichensteia  quartz  ciTstal,  306. 
Desor. — On  the  "  Terrain  Valanginien     beneath  the  neooomian, 

and  its  characteristic  Echinites,  310. 
Letters,  notices  of  books,  and  of  mineralogy,  geology,  and  fossils. 

.     Jahr.  1854,  part  4. 

Fr.  Weiss. — On  the  fundamental  laws  of  the  mechanism  of  geo- 
logy, 385. 

G.  Jentzsch. — Supplement  to  the  paper  on  Amygdaloid  Porphyry, 
401. 

H.  A.  C.  Berser. — ^The  Keuper  formation  and  its  shells  in  the 
Coburg  district  (plate),  408. 

G.  Leonhard. — Formations  in  the  mineral  kingdom  continued  in 
the  present  day,  415. 
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III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Babbage,  C,    On  the  Statistics  of  lighthouses. 

.     On  the  Constants  of  Nature :  Class,  Mammalia.    And 

2nd  copy :  /rom  the  Brussels  Academy  of  Sciences, 

Binney,  E.  W.  On  the  action  of  old  coal-pit  water  on  iron  in  the 
Pendleton  colliery.     1854. 

.  On  the  origin  of  iron-stones,  and  more  particularly  the 
newly-discovered  redstone  at  Ipstones,  near  Cheadle,  Stafford- 
shire ;  with  some  account  of  the  ironstones  of  South  Lancashire. 
1854. 

Carter^  H,  J.     Summary  of  the  geology  of  India. 

Davidson,  T.  On  the  distribution  of  the  recent  and  fossil  Pallio- 
branchiates.  (Extract  from  the  Bullet.  G^l.  Soc.  France.) 
1854. 

Ferrari,  Barone  Silvio,     Calceolo  decidozzinale.     1854. 

Giebel,  Christopher.  De  geognostica  septentrionalis  Hercynie  hs- 
tigii  constitutione.     1848. 

Harkness,  Prof.  R.     On  Coal.     1854. 

Hauer,  F.  Bitter  von.  Ueber  die  Gliederung  der  Trias-,  Lias-,  und 
Jura-gebilde  in  den  Nordostlichen  Alpen.     1853. 

Jardine,  Sir  W.  Ichnology  of  Annandale.  From  Sir  R.  I.  Mur- 
chison,  F.P.G.S. 

Leidy,  Dr.  Joseph.  On  the  Bathypnathus  borealis,  an  extinct  Sau- 
rian of  the  New  Red  Sandstone  of  Prince  Edward's  Island. 

Louisiana,  Natural  History  of  the  Red  River  of.     1853. 

Geology,  by  Prof.  E.  Hitchcock  and  Dr.  G.  C.  Shumard. 

Palaeontology,  by  Dr.  B.  F.  Shumard. 

Zoology,  by  Capt.  R.  B.  Marcy,  S.  F.  Baird,  C.  Girard,  C.  B. 

Adams,  and  Dr.  G.  C.  Shumard. 
Botany,  by  Dr.  John  Torrey. 

Ethnology,  by  Capt.  R.  B.  Mai>cy  and  Prof.  W.  W.  Turner. 
From  the  Smithsonian  Institution. 

Lyell,  Sir  C.  S|)ecial  Report  on  the  Geological,  Topographical,  and 
Hydrographical  Departments  of  the  New  York  Industrial  Ex- 
hibition. 

Mallet,  Robert.  Notice  of  the  British  Earthquake  of  November  9, 
1852.     1854. 

Marcou,  Jules.  Geological  Map  of  the  United  SUtes  and  the  British 
Provinces  of  North  America,  with  Explanatory  Text,  &c.    1853. 
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Mdsheimer,  F.  E.^  S.  S.  Haldeman,  and  J.  L.  Leconte.  Catalogue 
of  the  described  Coleoptera  of  the  United  States.  1 853.  From 
the  Smithwnian  Institution. 

Morris,  John.    A  Catalogue  of  British  Fossils.     2nd  edit.     1854. 

Moriey,  W.  H.  A  descriptive  Catalogue  of  the  historical  Manuscripts 
in  the  Arabic  and  Persian  languages,  preserved  m  the  Library  of 
the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     1854. 

New  South  Wales,  Papers  relative  to  the  Geological  Surveys  of. 
(Clarke,  Macleay,  Leichhardt.)     1853. 

-,  Papers  relative  to  the  Geological  and  Mineralogical  Sur- 


veys of.     (Stuchbury.)     1853. 

Oldham,  T.    Notes  on  the  Geology  of  the  Rajmahal  Hills. 

Ordnance  Survey.  Correspondence  respecting  the  Scale  for  the 
Ordnance  Survey,  and  upon  Contouring  and  Hill-delineation. 
1854.     From  the  Treasury. 

Pareto,  Marchese  Lorenzo.  Delia  posizione  delle  roccia  pirogone  ed 
eruttive  dei  periodi  Terziario,  Quatemario  ed  Attuale  in  Italia. 

Pfeil,  L.  G.  von.    Ein  Beitrag  zur  Geschichte  unserer  Erde.     1853. 

Prdavis  de  la  Commission  Sp^ciale  des  Mines  de  Jura.  1854.  From 
Prof.  B.  Studer,  For.  Mem.  G.S. 

Quetelet,  A.  Sur  le  Climat  de  la  Belgique.  De  I'Hygrom^trie.  1854. 

.     Sur  r  Electricity  des  Nuages  Orageux. 

Um  lUz.  Essay  on  the  Architecture  of  the  Hindus.  1834.  From 
the  Royal  Asiatic  Society. 

Redfield,  W.  C.  Cape  Verde  and  Hatteras  Hurricane  of  August 
and  September  1853,  with  a  hurricane  chart  and  notices  of 
various  storms  in  the  Atlantic  and  Pacific  Oceans  north  of  the 
Equator.     1854. 

Reene,  L.  Conchologia  Iconica.  Monographs  of  the  genera  Am- 
phidesma,  Hinnites,  Nassa,  Pecten,  and  Mactra. 

Schlayintweit,  A.  ^  H.  Ueber  die  Hohe  der  Gipfel  des  Monte- 
Bosa. 

Sehrenk,  A.  G.  Orographisch-geognostiche  Uebersicht  des  Uralge- 
birges  in  Hohen  Norden.     1849. 

.     Uebersicht  des  Obem   Silurischen  Schichten-systems 

Liv-  und  Ehrt-lands,  vomamlich  ihrer  Inselgruppe.     1st  part. 
1852. 

Sedgwick,  Rev.  Prof.  A  Reply  to  two  Statements  published  by  the 
Palseontographical  Society  in  their  volume  for  1852.     1854. 
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Tchihatcheff^,  P.  de.  Depots  tertiaires  d'une  partie  de  la  Olide 
Tracb^,  de  la  Cilicie  cbamp^tre  et  de  la  Cappadoce;  IMpdtB 
tertiaires  du  midi  de  la  Carie  et  d'une  partie  septentrionale  de 
la  Pisidie;  Depots  pal^zoiques  de  la  Cappadoce  et  da  Boi- 
phore.     1854. 

Fates,  James.  On  the  French  System  of  Measures,  Weights,  and 
Coins,  and  its  adaptation  to  general  use.  (Extract  m>m  Pro- 
ceedings of  the  Institution  of  Ciril  Engineers.)     1854. 
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James  Colquhoan,  Esq.,  George  Bumand,  Esq.,  and  R.  B.  Grind- 
rod,  Esq.,  M.D.,  were  elected  bellows. 

The  following  communications  were  read : — 

\.  On  a  FossiLiFEROUS  Drift  near  Salisbury*.  By  Joseph 
Prestwich,  Jun.,  Esq.,  F.K.S.,  F.G.S.,  and  John  Brown, 
Esq.,  F.G.S. 

The  great  extent  of  bare  and  clean-denuded  chalk  hiUs  forms  a  Tery 
itriki^  feature  of  the  scenery  around  Salisbury.  But,  although 
the  more  prominent  parts  of  the  country  are  so  free  from  driil,  the 
small  yalleys  which  traverse  these  great  undulating  downs  contain, 
scattered  along  their  base  and  often  extending  for  a  short  distance 
ap  the  slopes  of  the  adjacent  hillsf,  a  considerable  quantity  of  grayel, 

*  An  anforeseen  drcmnstance  has  caused  me  to  bring  this  paper  forward  earlier 
than  I  intended.  It  was  rather  my  intention  to  haye  embodied  it  in  a  more 
xeoerel  inqniiy  on  the  Drift.  Not  haring  as  yet  made  all  the  preliminary  inquiries, 
I  WIS  not,  when  I  wrote  it,  aware  of  a  paper  on  the  same  subject  communicated  to 
the  Society  by  Sir  Charles  Lyell  in  June  1827,  and  of  which  an  abstract  was  pub- 
lished in  the  first  volume  of  the  '  Proceedings,'  p.  25.  Sir  Charles  enumerates  the 
ume  fossil  animals,  with  the  exception  of  the  Deer,  and  states  also  that  Land- 
shells  are  said  to  occur  in  this  deposit.  No  lists,  howerer,  are  given  of  the  organic 
remains,  and  the  present  paper  may  serve,  therefore,  to  complete  this  former  notice 
of  i  very  interesting  locali^.— [J.  P.,  Jun.,  Feb.  1855.] 

t  There  is,  however,  some  drift  of  a  different  age  at  a  higher  level. 
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flint-  and  cbalk-rubble,  and  brick-earth.  This  drift  is,  in  greater 
part,  of  local  origin,  and  is  yerj  irregular  in  its  structore  and  distii- 
bution ;  one  material  predominating  at  one  spot,  and  another  taking 
its  place  close  by.  Flint-rubble  and  sandy  clays  preponderate  usoallv 
in  the  lower  parts  of  the  valleys,  chalk-rubble  being  more  common 
on  the  hill-slopes,  whilst  the  bnck-earth  b  irregularly  and  only  occa- 
sionally patched  on  the  base  of  the  hills,  alternating  with  and  re- 
placing tne  flint-  and  chalk-rubble. 

Three  of  these  small  yalleys  are  confluent  at  Salisbury.  It  is  on 
the  north-eastern  side  of  the  one  through  which  the  ^^^^ey  flows 
that  one  of  the  best  exhibitions  of  the  Drift  is  obtained.  The 
following  section  shows  the  prerailing  relation  and  structure  of  this 
deposit,  which  here  rises  about  30  to  40  feet  above  the  level  of  the 
WUley*. 

Fig.  1  .^General  Section  of  the  side  of  the  VaOey  of  the  WiUey  at 
Fisherton,  Salisbury, 


a.  Gnvd  and  Bricki^Brtli. 

The  railway-cuttings  between  Salisbury  and  Wilton  expose  some 
good  continuous  sections,  whilst  seyeral  brick-fields  give  a  few  deeper 
excavations.  In  a  cutting  adioining  Wilton,  large  subangular  grave{ 
chalk-rubble,  and  coarse  rubbly  brick-earth  alternate  and  pass  laterally 
one  into  the  other.  The  following  section  of  a  portion  of  this  cutting 
will  serve  to  show  the  general  character  of  the  drift  at  this  place.  It 
varies,  however,  every  few  yards. 

Fig.  2. — Section  in  the  Railway  Cutting  E.N,E.  of  Wilton. 

a.  Brown  earth  and  flints ;  2  to  3  feet. 

b.  Coarse  gravel,  consisting  chiefly  of  sub- 

angular  flints,  with  pieces  of  chert, 
ironstone,  sandstone,  and  some  flint- 
pebbles,  in  brown  day  more  or  less 
sandy ;  5  feet. 

c.  Chalk-rubble,    upper   portion    waved; 

passing  laterally*  into  b.  (a  few  Sue- 
cinetB  and  Helices  are  found  in  this 
rubble) ;  7  feet.  C.  Chalk. 

(•  Tbe  line  of  dWlslon  to  too  ttrong  in  the  woodcut) 

*  It  is  rarely  that  this  deposit  reaches  a  greater  height  above  the  base  of  the 
valleys  in  which  it  is  found. 
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Half-way  between  Wilton  and  Salisburj,  and  nearly  on  the  same 
leyel  as  the  above,  the  section  of  the  Drift  presents  a  very  different 
appearance. 

Section  on  the  Railway  beneath  the  High-road  near  Bemerton. 

a.  Earth  and  gnvel ;  1  foot. 

b.  GniTel,  chalk-mbble,  clay,  and  brick-earth,  mixed ;  3  feet. 

c.  Brick-earth,  "with  a  few  dispersed  anxular  flints  and  some  shells  (Sucemea  and 

HeUen) ;  8  feet. 

d.  Pktch  of  coarse  gravel,  as  above,  with  a  base  of  brick-earth  ;  1  foot. 

e.  BridL-earth,  rendered  poroos  by  numerous  very  fine  Serpula^like  perforations ; 

only  a  very  few  angular  flinto,  and  no  shells ;  10  feet. 

The  bed  e^  is  nnderlied  by  flint-rubble ;  but  the  base  of  the  deposit 
is  not  shown. 

At  the  shallow  catting  adjoining  the  Fisherton  Station  at  Salisbury, 
5  to  10  feet  of  coarse  gravel-drift,  mixed  with  much  green  sand  and 
some  clay,  and  abouncQng  with  most  of  the  same  shells  as  occur  at 
Mr.  Hardingf  s  pit,  repose  upon  a  very  irregular  and  much-indented 
Burfiice  of  the  Uhalk  (fig.  i).  Near  this  spot,  but  higher  on  the 
slope  of  the  hill  between  the  Devizes  and  Bath  roads,  are  several 
large  brick-pits  (figs,  i,  s,  s). 

The  occurrence  of  Bones  had  long  been  noted  at  these  pits,  but  it 
was  only  two  years  since  that  my  attention  was  drawn  by  Mr.  Har- 
ding, the  proprietor  of  one  of  the  pits,  to  a  bed  full  of  ^ells  under 
20  to  25  feet  of  drift  of  a  similar  character  to  that  which  has  been 
described  in  the  preceding  sections,  except  that  here  it  is  freer  from 
flint-mbble  and  exhibits  a  preponderating  mass  of  brick-earth.  The 
following  section  shows  the  relative  position  of  the  layers  of  Drift  at 
this  spot : — 

Fig.  S.Seetianat  Mr,  Harding's  Briek-pit,  Fisherton,  Salisbury*. 


90  to  36  feet 


^^m^e 


d  ...Lerd  of  bottom  of  pic 


^^^■1 


-s— JL^a=:_ 


*■  Probable  Section. 


0.  EtrUi  and  flint-mbble,  variable ;  1  to  2  feet. 

b.  Rubble  of  angular  flints,  fragments  of  chalk,  and  flint-pebbles,  in  day  and 

brick  earth ;  4  to  6  feet. 

c.  Brick-earth,  mixed  with  variable  masses  of  flint-  and  chalk-rubble,  and  con- 

taining bones  and  a  few  shells,  chiefly  in  the  lower  part ;  10  to  18  feet. 

*  The  exact  bearing  of  this  pit  is  0*7  mile  in  a  direct  line  N.W.  from  Salisbury 
Csthednl. 
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d,  Light-ooloured  fine  marl,  fall  of  weU-preserved  shells,  with  a  few  bones ;  1  to 

2feet. 

e.  Flint-  and  chalk-rubble,  with  sand  and  clay,  only  upper  surface  exposed ;  3  to 

4  feet? 
C.  Chalk. 

The  shells  in  the  brick-earth,  c,  are  here,  as  in  this  same  drift 
in  the  other  parts  of  the  valley,  few  and  irregularly  dispersed ;  but 
in  the  underlying  marl,  d,  they  occur  in  the  greatest  profiision,  in 
a  very  perfect  state  of  preservation,  and  with  traces  of  colour  still 
discernible  in  some  specimens.  Since  my  yisit  to  this  pit,  my  friend 
Mr.  J.  Brown  of  Stanway  has  passed  several  days  there  for  the 
purpose  of  following  up  this  inquiry,  and  has  brought  to  light  a  very 
mteresting  series  of  land  and  freshwater  shells,  of  which  the  par- 
ticulars are  given  at  page  106.  It  is,  however,  in  the  brick-earth, 
c,  that  most  of  the  bones  are  found.  They  sometimes  occur  in 
considerable  quantities,  especially  at  the  base  of  the  brick-earth  and 
on  the  surface  of  the  shell-marl,  but  are  generally  broken  and  ua 
fragments,  the  teeth  excepted. 

The  greater  part  of  the  bones  belong  to  the  small  long-fronted  Ox 
{Bos  longifrofM)  and  the  Red  Deer  (Certms  elaphtu).  I  have  found, 
however,  remains  of  the  Elephant  and  of  the  Tichorhine  two-homed 
Rhinoceros,  and  probably  of  the  Horse*.  The  Rhinoceros  is  rare  at 
this  spot ;  but  I  am  informed  that  in  digging  the  foundations  of  the 
jail,  a  few  hundred  yards  distant,  a  remarkable  number  of  the  teethf 
and  bones  of  this  animal  were  found. 

Mr.  Brown  enumerates  12  species  of  land-shells  and  8  species  of 
marsh  and  freshwater  shells.  They  are  all,  without  exception,  recent 
species,  and  the  greater  part  are  now  common  in  the  same  district ; 
one,  in  fact,  the  Pmdtum  amnicum,  was  first  described  from  speci- 
mens found  in  the  valley  of  the  Avon  near  Salisbury.  All  the 
species  found  here  have  been  met  with  in  several  other  Pleistocene 
deposits  of  England ;  but  it  is  not  often,  except  probably  at  Cop- 
thome  and  Stutton,  that  so  large  a  number  of  land-shells  have  beeo 
found  together.  There  are  no  less  than  7  species  of  HeHx ;  the  H. 
hispida,  H,  arbustorum,  and  H.  pulchella  are  plentiful,  the  latter 
especially.  So  also  is  the  Pupa  marginata ;  the  Limax  offrestis  \b 
only  rather  less  so.  The  water-moUusks,  with  the  exception  of  the 
Succinea  putris,  which  is  abundant,  are  not  so  numerous,  and  form 
a  group  such  as  we  might  expect  to  find  in  a  spring  or  shallow  pood 
rather  than  in  a  river. 

This  character  of  the  fauna,  taken  together  with  the  mineral  cha- 
racter and  the  limited  volume  of  the  bed  d,  seems  to  indicate  the 
former  existence  at  this  spot  of  a  pool,  or  of  a  small  shallow  stream 
fed  by  springs  rising  out  of  the  subjacent  chalk,  and  supporting  a  few 
freshwater  mollusks.  The  numerous  land-shells,  mostfy  of  moisture- 
seeking  species,  may  have  been  carried  down  by  rains  or  destroyed 
hy  occasional  floods. 

The  mass  of  debris  spread  over  this  remnant  of  an  ancient  land- 

•  These  are  not  mentioned  by  Mr.  Brown,  p.  106,  as  he  describes  only  thst 
which  he  obtained  during  his  few  days'  visit. 
t  Several  of  these  are  preserved  in  the  Museum  of  the  Society. 
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sarface  consists  of  materials  deriyed  from  the  destruction  chiefly  of 
the  chalk,  hut  in  part  also  of  the  Tertiary  strata,  and  of  the  Green- 
sands  ;  for,  with  a  large  preponderance  of  flint-  and  chalk-rnbble, 
there  are  also  found  round  flint-pebbles  and  masses  of  saccharoid 
sandstone  from  the  Woolwich  and  Reading  series,  which,  there  is 
reason  to  believe,  once  extended  over  this  area.  This  debris  also 
contains  many  fragments  of  chert  and  grit  from  the  greensand, 
prohably  from  the  neighbouring  yale  of  Wardour ;  whilst  the  finer 
materials  from  these  several  deposits  have  formed,  when  well  mixed 
toother,  the  calcareous,  loam  called  brick-earth'^.  The  whole  of 
this  drift  is  spread  out  without  order  or  r^ular  structure,  without 
r^ard  to  the  specific  gravity  of  the  materials,  and  comparatively 
without  wear ;  sometimes  the  light  porous  brick-earth,  ana  at  other 
times  the  heavy  flint-rubble  is  at  the  top  of  the  mass,  whibt  it  often 
happens  that  heaps  of  the  hroken  flints  are  entancled  singly,  or  in 
irr^:ular  layers  in  the  midst  of  the  brick-earth.  This  flint-rubble  is 
perfectly  angular,  and  exhibits  scarcely  an^  traces  of  wear  firom 
rolling.  The  only  specimens,  in  fact,  exhibiting  any  long-continued 
wear  are  the  flmt-pebbles  derived  from  the  Tertiary  beds,  and  the 
older  origin  of  which,  as  pebbles,  admits  of  no  doubt.  The  greater 
part  of  Uie  hones  also  are  hroken,  and  retain  their  sharp  fractured 
edges.  The  underlying  shell-marl,  on  the  contrary,  is  the  result 
probably  of  a  perfectly  quiet,  local,  and  uninterrupted  accumulation, 
for  the  shells  are  of  aU  ages  of  growth,  generally  perfectly  uninjured, 
and  are  imbedded  apparently  on  the  spot  where  they  livedf. 

It  is  prohable  that  the  physical  features  of  this  district  at  the  very 
recent  geological  period  when  the  two  ahove-named  large  extinct 
mammals^,  associated  with  the  Ox  and  Deer  referred  to  species  of 
which  the  descendants  are  supposed  still  to  exist,  roamed  over  the 
land,  and  the  minute  mollusks  identical  with  recent  species  swarmed 
on  the  surface  of  that  land  and  in  its  waters,  differed  to  no  great 
extent  from  those  prevailing  at  the  present  dajr.  The  valleys  are 
possibly  rather  deeper,  and  may  be  a  few  feet  higher  above  the  sea- 
level  than  they  were  at  that  period. — [J.  P.,  Jun.] 

*  I  have  not  thought  it  necessary  to  repeat  in  each  separate  section  the  whole 
of  the  rock-debiis  forming  the  beds  of  drift-graTel.  The  preponderating  mass 
merely  is  defined.  Debris  from  these  Tertiary  and  Cretaceous  beds  is  found 
scattered  irreguhirly  throughout  the  drift  (and  also  in  the  surface-bed),  but  the 
flint-robble  forms  in  all  cases  the  distinguishing  feature.  In  the  bed  beneath  the 
thell-bed  at  Mr.  Harding's  pit,  specimens  of  these  rocks  are,  however,  scarcer ; 
though  in  this  bed  Mr.  Brown  found  a  subangular  fragment  of  limestone,  appa- 
rently from  some  of  the  secondary  rocks  of  the  vale  of  Wardour. 

t  I  purposely  confine  myself  in  this  and  the  following  two  papers  merely  to  a 
statement  of  the  probable  conditions  prevailing  in  the  several  localities  at  the 
life-period  of  their  respective  faunas,  reserving  the  more  general  theory,  connected 
with  the  extent  and  nature  of  the  geological  changes  of  the  Pleistocene  period, 
until  I  shall  have  brought  a  greater  number  of  facts,  properly  grouped,  before  the 
Society. 

X  From  the  character  and  age  of  the  deposit,  and  from  the  numerous  unde- 
terminable fragments  of  bone  which  I  have  seen,  I  believe  that  the  group  of  Mam- 
mals will  prove  to  be  far  larger  than  here  described.  It  will  be  important  to 
collect  further  evidence  on  this  subject. 


Digitized  by 


Google 


106  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [DeC.  13, 

Organie  Remains. — My  attention  having  been  directed  by  Mr. 
Prestwicb  to  the  aboye-named  locality,  I  went  to  Salisbury  and 
spent  several  days  there,  during  which  I  received  every  assistance 
from  Mr.  Harding,  the  proprietor  of  the  pit.  The  fireshwater-shell- 
bed  is  1  foot  6  inches  tnick,  and  is  composed  of  calcareous  matter 
and  fine  sand,  the  latter  insoluble  in  adds.  I  could  not  well  ascertain 
the  order  in  which  the  shells  lie.  They  are  perfectly  white,  and  the 
land  and  freshwater  shells  are  apparently  intermingled.  The  condition 
of  some  of  the  very  thin,  dehcate  shells,  such,  for  instance,  as  Pindium, 
Aneyltu,  and  others  equally  thin  and  fragile,  would  indicate  that 
they  cannot  have  been  drifted  far.  Many  of  the  shells  are  as  perfect 
as  when  living,  and  as  much  so  as  the  shells  from  the  Copford  or 
Ckcton  freshwater  deposit,  where  the  shells  are  lying  about  appa- 
rently where  they  died.  There  are,  however,  fragments  of  sheik 
in  ereater  number  at  Fisherton.  It  is  difficult,  therefore,  to  say, 
untd  further  investigation  is  made,  how  far  the  fossils  of  that  bed  or 
beds  have  been  drifted,  or  whether  they  have  been  drifted  at  all. 

Fossils  from  the  Freshwater  Deposit  at  Fisherton,  Salisbury. 
Mammai^ia.     (See  al8o  p.  104.) 

Dutal  end  of  tibia. 

Second  phalanx  (2  gpedmena). 


Cenrus  elaphna . 
Boa  longifrona  . 


^  Base  of  antler. 
Idetacarpal  of  young  animaL 

Fragment  of  tibia. 

Second  phalanx  (3  specimens). 

Proximal  portion  of  radius. 
{  Distal  portion  of  radius. 
Bos  Qaxfse  animal).  Molar  tooth  of  upper  jaw. 

Laxd  Shells. 

Helix  arbustorum,  Lmn.    Numerous ;  many  broken. 

pygmaea,  Drt^.    Many,  but  not  abundant ;  unbroken. 

radiatula,  Aid.    One  fragment  only. 

pulchella,  MuB.    Numerous ;  unbroken. 

rufescens,  Penn.    Numerous ;  unbroken. 

fulva,  MuU.    Plentiful ;  unbroken. 

hispida,  Lmn.    Numerous ;  unbroken. 

— ,  var.  condnna,  Jeff.    Numerous ;  many  unbroken. 

Pupa  muscorum,  Linn.    Numerous ;  many  unbroken. 
Zua  lubrica,  MUB.    A  few ;  perfect. 
Carychium  minimum,  MulL    Fragment ;  scarce. 
Limax  agrestis,  MuU.    Numerous ;  perfect. 
Acme  lineata,  Dnqt.    One  fragment. 

Frbshwatkr  Shells. 

Valvata  piscinalis,  MuU.    Not  numerous ;  a  fSew  unbroken. 
Succinea  putris,  Linn.    Numerous ;  in  all  stages  of  growth. 
Ancylus  Suviatib's,  MUU. 
Limnaeus  truncatulus,  MiilL    A  few  whole  specimens. 

pereger,  MM.    Rare. 

Piridium  amnicnm,  MOIL  1 

pulchellum,  Jen.      I  Not  numerous.    Valves  separate. 

pusillum,  TWr/.       J 
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Fbbsbwatkb  Cbustacban. 
Candona?    Fragment. 
Portioiis  of  Bryozoans  and  other  minute  fossils  derived  from  the  Chalk  also 
oocor  in  this  deposit. 

I  am  indebted  to  the  kindness  of  Prof.  Owen  for  the  determi- 
nation of  the  Bones  enumerated  in  the  above  list  of  the  Mam- 
malia ;  and  for  ascertaining  several  of  the  species  in  the  list  of  shells 
from  the  Fisherton  deposit,  I  have  to  thank  my  friend  Mr.  John 
Pickering.— [J.  B.] 

Since  Mr.  Prestwich's  paper  was  read  before  the  Society,  I  have 
further  examined  the  gravel  under  the  shell-bed,  and  I  have  found  it 
composed  of  numerous  flints,  of  all  forms,  from  the  size  of  the  fist  to 
an  inch  in  diameter,  angular ;  of  grey  quartz-sandstone  in  pebbles, 
1  to  2  inches  in  diameter ;  limestone,  angular  in  form  and  highly 
crystalline ;  chalk,  both  hard  and  soft,  in  nodules  of  various  sizes 
and  in  #ngnlAr  portions,  angles  smoothed  by  trituration  ;  flint- 
sponges  (and  other  chalk-fossi^  see  below)  ;  the  whole  are  imbedded 
in  a  mixture  of  clay  and  sand.  Amongst  this  debris  I  have  found 
the  following  Microzoa  derived  from  the  Chalk : — 

List  of  minute  ChaUc-foMs  from  the  Gravel  below  the  Freshwater 
bed,  Fisherton, 

NodosariaZippeL    Abundant;  fragments. 
Cristellaria rotundata.    Abundant;  worn. 
Marginnlina  ensis.    Fragment. 
Inoeenmns,  fragments  of.    Abundant. 
Bourgaeticrinus,  ossicles  of.    Not  rare ;  some  worn. 
Bchinodermata,  spines  oL    Not  rare ;  fragments. 
Bryocoa.    Abundant ;  fragments,  mostly  worn. 

For  the  determination  of  these  minute  and  beautiful  fossils  I  am 
indebted  to  Mr.  Rupert  Jones.— [Feb.  1855.  J.  B.] 


2.  On   a   FossiLiFEROUs   Deposit  in    the    Gravel  at  West 
Hackney.     By  Joseph  Prestwich,  Jun.,  Esq.,  F.R.S.,  F.G.S. 

In  the  summer  of  1853,  Dr.  Beeke  informed  me  of  the  discoTery  of 
some  large  mammalian  bones  in  a  gravel-pit  belonging  to  Mr.  Hindle, 
at  Shacklewell  Lane,  between  Hackney  and  Stoke  Newington*.  In 
company  with  the  former  of  these  gentlemen,  I  yisited  the  spot, 
which  ia  60  feet  above  the  level  of  Trinity  high-water  mark,  on 
several  occasions,  and  found  many  points  which  I  deem  of  sufficient 
interest  to  lay  before  the  Society. 

I  found  that  the  bones  were  not  actually  in  the  gravel,  but  in  a  bed 
of  day  between  two  beds  of  gravel,— which  clay  forms  a  distinct  and 
separate  deposit  with  an  abundance  of  freshwater  and  land  shells. 
The  occurrence  of  the  bones  was  an  exceptional  case,  no  other 

*  The  nit  is  in  Hackney  parish.  It  is  only  distant,  however,  exactly  a  quarter 
of  a  miU,  in  a  *rect  line  due  east,  firom  West  Hackney  Church,  Newington  high 
mad. 
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bones  having  been  previously  met  with  at  this  pit,  though  oommon 
at  some  others  in  the  neighbourhood.  The  following  is  a  sketch  of 
part  of  the  pit : — 

Section  in  Gravel-pit,  Shacklewell  Lane,  West  Hackney, 


o.  Brick-earth,  removed  at  this  spot,  but  worked  in  an  adjoining 

pit    2  to  5  feet 

h.  Ochreoos  flint-gravel,  with  subordinate  irregular  layers  of  ochreoua 

and  yellow  sand.   (This  is  the  only  bed  worked  at  this  pit.) 6  feet. 

c.  Dark-grey  sandy  clay,  full  of  vegetable  matter,  with  some  bones 

and  numerous  shells.  ^This  bed  is  only  occasionally  exposed.)...  2^  feel. 

d,  light-yellow  sands  and  ferruginous  gravel.    (Depth  not  proved  at 

this  spot.) 

No  fossils  have  been  found  in  the  brick-earth  (a)  of  this  district. 
The  gravel  (6)  is  spread  out  in  large  sheets  which  produce  an  ap- 
pearance of  rough  stratification ;  it  conasts  of  subangnlar  broken 
flints,  with  some  very  large  nearly  whole  flints  hardly  at  all  worn, 
flint-pebbles  fi'om  the  Lower  London  Tertiaries,  a  few  quartz  and 
sandstone  pebbles,  and  some  rolled  pieces  of  yery  hard,  compact, 
siliceous  sandstone.  Only  a  few  feet  square  of  the  underlying  day 
(e)  was  uncovered.  The  line  of  separation  between  these  two  beds  is 
merely  slightly  waved,  except  at  one  spot,  where  the  gravel  lay  in  an 
indentation  in  the  clay,  filling  a  rectangular  trough,  one  foot  deep  (see 
fig.).  This  bed  (c)  presents  some  features  of  considerable  interest ; 
it  consists  of  a  laminated  clay  more  or  less  sandy,  of  a  dark -grey 
colour,  and  abounds  in  many  parts  with  the  small  broken  branches 
and  leaves  of  trees ;  scattered  here  and  there  are  also  found  portions 
of  the  stems  and  trunks  of  trees,  some  3  or  4  feet  long  and  6  to  12 
inches  in  diameter,  all  lying  prostrate  and  in  no  one  given  direction"^. 
This  clay  also  contains  numerous  very  fragile  but  generally  perfect 
shells.  Of  these  ten  are  land  shells,  and  thirteen  are  water  shells ; 
they  are  all  of  recent  species,  and  constitute  a  group  which  seems  to 
indicate  a  deposit  formed  in  shallow  fresh  water. 

The  trees  apparently  did  not  grow  on  the  spot,  for  no  traces  of 
roots  in  eitu  occur,  although  they  probably  flourished  in  the  immediate 
neighbourhood ;  and  as  their  remains  are  found  dispersed  irregularly 
throughout  this  clay,  and  are  not  confined  either  to  the  top  or 
bottom  of  the  bed,  their  presence  here  is  not  owing  to  the  agency 
which  spread  the  upper  gravel  (6)  over  this  bed,  or  to  that  whi^ 

*  Prof.  Quekett,  having  kindly  made  a  microscopical  examination  of  the  woody 
matter  here  referred  to,  informs  me  that  he  has  recognized  oak,  elm,  alder,  and 
hazel  amongst  the  fivgments. 


Digitized  by 


Google 


1854.]  PRESTWICH— STOKE  NEWIN6TON  GRAVEL.  109 

caused  the  extension  of  this  deposit  itself  over  the  lower  gravel  (d), 
— that  is  to  say,  it  was  neither  the  flooding  of  a  previously  dry  sur- 
face  hy  the  waters  from  which  the  shelly  clay  was  afterwards  depo- 
sited, nor  was  it  hy  the  detrital  sweep  of  the  upper  gravel  over  this 
later  area  of  water  and  dry  land  that  the  trees  were  destroyed. 
Their  presence  must,  on  the  contranr,  he  due  to  some  common  cause 
in  common  operation  during  the  whole  period  that  the  freshwater 
moUusks  were  living  undisturhed  in  these  waters.  One  cause  might 
he  occasional  floods ;  although  in  that  case  we  might  have  expected 
a  greater  change  in  the  segment,  arising  from  the  greater  trans- 
porting power  of  the  water, — the  trees  to  have  heen  more  in  seams, 
more  of  them  showing  uprooting,  and  more  entire.  Whereas  the  trees 
are  in  fragments,  their  hranches  and  stems  are  sharply  broken  into 
short  pieces,  lying  about  without  order,  all  prostrate,  and  in  a 
sediment  showing  Uttle  or  no  change.  I  conceive  such  a  result  to 
have  arisen  parUy  no  doubt  from  this  cause,  but  probably  chiefly 
from  the  occasional  breaking  off  of  boughs  and  the  smaller  stems  of 
trees  on  the  marsins  of  these  pools  or  meres,  during  gales  of  wind, 
which  scattered  mem  and  the  leaves  over  the  surface  of  these  waters, 
where  they  sank  and  got  buried  with  the  Planorbis,  Idmnaus, 
Pisidiumy  &c.  The  texture  of  the  wood  is  eenerally  but  very  little 
altered,  and  its  colour  is  often  almost  unchanged.  When  dried, 
it  becomes  extremely  light. 

The  bones  were  found  at  the  base  of  the  shelly  clay,  and  con- 
saatted  of  part  of  the  trunk  of  some  lai^e  mammal  (Ox  ?)  *  ;  nine  ver- 
tebrae and  some  of  the  bones  of  the  legs  were  found  together,  but 
the  skuU  was  missing ;  nor,  notwithstanding  the  diligent  search 
established  by  Mr.  Hindle  and  Dr.  Beeke  for  several  feet  around, 
could  we  succeed  in  obtaining  any  further  remains  of  this  animal. 
Unlike  the  wood,  the  bones  were  much  mineralized  and  very  heavy. 
The  evidence  afforded  by  the  remains  of  this  animal  agrees  with 
that  afforded  by  the  remains  of  the  vegetation.  The  bones  were 
tranqnilly  imbedded  in  the  mud  of  a  freshwater  deposit,  the  animal 
probably  havine  after  death  floated  on  the  surface  of  the  waters, 
the  bones  subsiding  here  and  there  as  the  carcase  decayed  and  fell  to 
pieces ;  for  it  must  be  observed  that  the  bones  show  no  traces  of  wear 
or  fracture, — ^nothin^  to  denote  violence  or  distant  transport. 

Under  the  clay  (c)  is  found  a  bed  of  gravel  and  sands,  some  light- 
coloured  and  others  ferruginous,  in  the  upper  part  of  which  shells, 
I  was  told,  similar  to  those  found  in  the  clay  have  occasionally  been 
found ;  I  however  met  with  none.  This  gravel  consists  of  subangular 
flints  chiefly,  with  a  few  flint-pebbles ;  not  enough  of  it  was  dug  up 
to  notice  whether  there  were  any  pebbles  of  the  secondary  rocks. 
Its  thickness  is  not  shown  here ;  but  as  the  London  Clay  comes  out 
on  the  side  of  the  adjacent  Hackney  Brook  on  a  level  a  few  feet 
lower,  I  do  not  think  it  can  exceed  6  to  10  feet. 

The  shells  procured  from  the  deposit  we  have  here  described,  pre- 
sent a  general  close  agreement  with  those  found  in  the  Salisbury  drift 
(see  p.  106),  except  uat  the  group  of  marsh  and  pond  shells  is  more 
*  The  bones  unfortunately  have  been  mislaid. 
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developed;  whilst  land  shells  are  scarcer  and  are  in  greater  part 
such  as  freqaent  marshy  places  and  damp  woods. 

With  the  Grays  fauna,  these  two  deposits  present  only  a  few 
species  in  common;  hut  a  difference  of  conditions^  such  as  a 
greater  hody  and  depth  of  water,  combined  with  a  probable  occa- 
sional shght  brackishnesSy  may  account  for  this  variation;  for  although 
many  of  the  species  are  distinct  at  these  three  localities,  yet  they  all 
agree  in  the  common  fact  of  the  species  being  identical  with  recent 
species,  and  such  as  for  the  most  part  still  remain  associated  in  like 
position,  under  like  conditions,  in  this  country  at  the  present  day. 
All  the  three  deposits  belong,  I  believe,  to  a  period  subsequent  to 
that  of  the  Boulaer  Clay ;  but  the  arguments  on  this  subject  I  most 
reserve  to  a  future  occasion,  when  I  have  gone  into  the  evidence 
afforded  by  the  various  drift-beds  of  the  valley  of  the  Thames  and  of 
the  adjacent  counties  more  in  detail. 

One  of  the  principal  points  of  interest  attaching  to  this  particular 
section  is  the  clear  indication  of  two  gravel-periods  separated  by  an 
interval  of  dry-land  surface, — a  character  common  throughout  this 
district,  and  to  which  also  we  shall  have  occasion  to  allude  in  greater 
detail  on  another  occasion. 

The  following  are  the  MoUusks  I  have  found  in  this  deposit.  For  the 
determination  of  the  species  I  am  indebted  to  Mr.  J.  Pickering : — 

Shells  from  the  clay  beneath  the  graoeU  Shacklewell  Lane, 

Bithinia  tentaculata  (Lmn) ;   and  Cftrychium  minimum,  3iuiL 

its  opercula.  Zua  lubrica,  MuU, 

Valvata  piscinalis.  Mutt,  Papa  mnsoorom,  Lmn. 

Limnaeus  palnstris,  Lhuu  Helix  pulchella,  Mutt, 

truncatulas,  Mutt,  aculeata,  Mutt, 

glaber  ?,  Miitt,  —  hispida  ?,  Lhm, 

stagnalis  ?,  Lmn,  Zonitea  radiatulus.  Alder. 

Snccinea  pntris,  Xiim.  —  nitidiu,  Mutt, 

Planorbis  marginatus,  Dnqt,  crystallinus,  Mutt, 

apirorbis,  Lmn.  Pisidium  pulcheUum,  /myiif. 

nautileas,  Linn,  obtusale,  Jenyna, 

Clanrilia,  sp.  ?  pusillum,  Iktrt. 

The  shells  of  this  deposit  are  in  a  very  rotten  and  often  frag- 
mentary state,  and  it  is  probable  that  there  are  many  more  species. 


S.  On  a  FossiLiFEROUS  Bed  of  the  Drift  Period  near  the  Re- 
culvers.     By  Joseph  Prestwich,  Jun.,  Esq.,  F.R.S.,  F.G.S. 

This  deposit  is,  like  Ihe  one  described  p.  101,  spread  over  the  base 
of  a  hill,  which  here  slopes  down  to  the  marshes  separating  this  part 
of  Kent  from  the  Isle  of  Thanet.  It  is  exposed  in  two  pits  near 
Wear  Farm  (see  Ordnance  Map),  on  the  road  from  Chislet  to  the 
Reculvers.  The  height  of  the  ground  above  the  level  of  the  adjacent 
marsh  or  of  the  sea,  does  not  exceed  20  to  30  feet.  The  pit  in  a 
field  to  the  east  of  the  road  offers  the  best  section ;  it  is  as  follows : — 
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Section  of  Sand-pit  on  Wear  Farm,  near  the  Recuhers*. 


b.  GraTd,  ftint-nibble,  and  brick-earth 3  to  8  feet. 

e.  Light  quartzose  sand,  with  seams  of  fine  flint-g^Tel,  in  some  of  which  shells 
are  numerous ;  contains  irregular  subordinate  layers  of  laminated  day,  with 
traces  of  vegetables  at  ef.  Immediately  on  the  chalk  is  a  band  of  large 
angular  flints,  e"   8  to  12  feet. 

C.  Chalk. 
The  other  pit  shows,  with  a  few  general  features  in  common,  a  very  marked 

fifferenoe  in  detail    The  upper  bed  b  is  much  more  developed  and  predominant. 

The  shells  occur  principally  in  seams  of  fine  gravel  in  the  lower 
of  the  section :  in  a  few  spots  only  are  they  numerous.  The  g;reater 
portion  of  the  sands  and  gravel  are  without  shells.  Entomoatraca, 
however,  appear  to  he  more  abundantly  diffused,  but  still  they  occur 
chiefly  in  certain  seams  or  layers. 

I  found  a  few  bones  of  large  Mammals,  some  apparently  belong- 
ing to  the  Ox.  The  shells  are  in  a  good  state  of  preservation,  and 
consist  of  the  following  species,  which  Mr.  Pickering  has  kindly  ex- 
amined and  determined: — 

Bithinia  tentaculata,  Lmn,  Cyrena  consobrina,  CailL  (C.  /n^omiia, 

Ancylus  flnmtilis,  Mutt,  Wood.) 

Pahidina  or  Rissoa ;  very  like  the  one  Opercular  valves  of  Balamu, 
fbond  at  Grays. 

This  Ibt,  although  short,  is  of  considerable  interest,  for  we  here 
find  the  Grays  or  Nile  Cyrena,  together  with  two  more  distinctly 
freshwater  shells,  associated  with  me  distinctly  marine  genus,  the 
Balanus,  The  opercular  valves  of  this  Cirriped  were  found  in 
the  fine  gravel  filling  the  interior  of  the  Cyrena.  The  small  Palu- 
dina  and  the  Cyrena  abound  in  places.  Imperfect  traces  of  vege- 
table remains  occur  in  some  thin  seams  of  clay  subordinate  to  Uie 
mass  of  sand  and  fine  gravel.  The  general  character  of  the  organic 
remains  indicates  a  local  deposit  accumulated  on  the  spot,  and  in 
comparatively  tranquil  waters. 

The  fossiliferous  bed  is  overlaid  by  a  mass  of  gravel-rubble  and 
brick-earth,  varying  in  thickness  from  3  to  8  feet,  and  presenting 
g^eral  phenomena  with  respect  to  angularity  of  many  of  the  flints, 
rapid  variation  of  structure,  &c.,  anaJogous  to  that  of  the  flint- 
and  chalk-rubble  described  at  p.  105.  The  rubble,  however, 
instead  of  being  derived  chiefly  direct  from  the  chalk,  is  here  com- 

*  The  more  exact  bearing  of  this  pit  is  1^  mile  in  a  direct  line  N.N.W.  from  the 
Grove  Ferry  station  (South-Eaatem  Railway),  and  2*7  miles  southward  (^  mUe 
west  of  due  south)  from  the  Beculvers  old  Church. 
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posed  in  greater  part  of  materials  derived  from  an  older  gravel,  and 
from  shii^le-beds  of  the  Tertiary  period  ;  still  with  a  local  admix- 
ture of  angular  flints  and  chalk-rubble. 

As  well  as  the  few  specimens  will  allow  us  to  judge,  this  deposit 
may  be  correlated  with  the  one  at  Clacton  on  the  opposite  Essex 
coast  "^9  where  also  recent  marine  and  fi^shwater  mollusks  have  been 
found  by  Mr.  J.  Brown,  associated  together  in  a  deposit  underlying 
the  gravel. 

Mj  chief  object  in  making  this  short  communication  to  the  Sodetv 
is  to  direct  attention  to  a  locality  not  hitherto  noticed,  and  which 
I  think  likely  to  yield  on  further  examination  a  far  more  important 
series  of  Pleistocene  fossils  than  those  here  enumerated,  which  were 
procured  during  two  very  short  risits. 

Note. — I  am  indebted  to  Mr.  Rupert  Jones  for  the  following 
interesting  particulars  respecting  the  microscopic  fossils  : — 

''The  Entomostraca  comprise  three  forms.  The  first  is  very 
abundant ;  the  other  two  are  very  rare  : 

Candona  toroea,  Janet,     Cypris  gibba,  Bamd,      A  minute  andeterminable  fons. 

"  There  is  also  among  the  minute  organisms  picked  out  from  these 
sands  one  Rhizopod, — a  Globulina. 

"  The  Candona  torosaf  is  a  minute  bivalved  Crustacean,  inhabiting 
the  brackish-water  ditches  near  Gravesend.  It  occurs  also  plentifully 
in  the  Grays  deposits,  in  company  with  other  recent  and  some 
extinct  (?)  Entomostraca.  Cypris  gihbaX  is  a  recent  form,  very 
common  in  freshwater  ponds. 

"  The  Foraminifer  (Globulina),  by  its  presence  in  the  deposit  in 
question,  may  be  regarded  as  evidence  of  the  at  least  brackish-water 
character  of  the  Wear  Farm  sands.  Mr.  Pickering,  who  first  dis- 
covered the  recent  specimens  of  C,  toroaa  in  the  Gravesend  ditches, 
found  also  a  Bosalina-like  Foraminifer  associated  with  them ;— a 
parallel  to  the  above. 

"  The  valves  of  the  Entomostraca  are  sometimes  separate  and  some- 
times united.  The  sand  and  fine  gravel  in  which  these  pleistocene 
fossils  occur,  frequently  contain  also  numerous  minute  cludk-fossils, 
such  as  CytherellcEiy  Bulimime,  Rosalime  and  Cristellarue,  spicuUe  of 
InoceramuB  shells,  &c." 


4.  On  Land-surfaces  beneath  the  Drift-gravel. 
By  R.  Godwin  Austen,  Esq.,  SecG.S.,  F.R.S. 

I  stated  several  years  since  §  that  the  thick  sravel-beds  of  the  valley 
of  the  Wey  below  Guildford  were  underlaid  by  an  old  terrestrial 
surface,  indicated  by  peat,  trees,  and  sedimentary  deposits, — that  the 
remains  of  the  extinct  mammalia  were  usually  associated  with  this 

*  Also  with  Grays  and  Salisbury. 

t  For  description  and  figures  of  C.  ioroaa,  Jones,  see  Annals  Nat  Hist  2  ser. 
vol.  yi.  p.  27.  pL  3.  fig.  6  a,  c. 
I  See  Annals,  /.  c.  pi.  3.  fig.  4. 
§  Quart.  Joum.  Geol.  Soc.  vol  vi.  p.  90 ;  and  vol.  vii.  p.  136,  Table. 


Digitized  by 


Google 


1854.]  AUSTEN— LAND-StTRFACES  BENEATH  DRIFT.  113 

old  surface, — and  that  it  was  in  mud  and  silt  of  this  age  that  the 
nearly  perfect  skeleton  was  found  on  the  Pease  Marsh,  as  was  also 
the  other  of  the  parallel  yalley  of  the  River  Mole.  As  the  g;reat  end 
to  which  geological  inquiry  is  now  tending  is  that  of  the  past  physi- 
cal conditions  which  the  earth's  surface  has  undergone,  and  as  the 
▼alue  of  such  inferences  is  wholly  dependent  on  the  accuracy  with 
which  observed  facts  may  have  been  described,  I  am  desirous  of 
adding  to  the  instances  I  before  adduced  respecting  this  ancient  ter- 
restrial surface,  more  particularly  as  the  facts  referred  to  have  been 
represented  in  another  way  by  Mr.  P.  J.  Martin,  in  his  "  Additional 
Observations  on  the  Anticlinal  Line  of  the  London  and  Hampshire 
Basins,"  published  in  the  Philosophical  Magazine,  March  1854. 

With  reference  to  the  phsenomena  of  the  Wealden  area,  considered 
physically,  Mr.  Martin  is  of  opinion  that  "  the  key  to  the  whole  is  in 
the  conception  of  the  cotemporaneity  of  upheaval  and  denudation," 
and  that  *'  there  is  no  drift  tnat  is  not  of  the  age  of  the  denudation." 
The  circumstance  that  there  should  occur  marl-beds,  showmg  tranquil 
accumulations  for  lone  periods, — peat-bogs  in  old  valleys,  with  trees 
of  laige  growth, — and  all  now  overlaid  and  preserved  by  this  very 
covering  of  drift-gravel,  proves  that  an  external  configuration  of  the 
surface  somewhat  the  same  as  is  presented  now  existed  before  the 
Drift,  and  that  the  two  phsenomena  of  denudation  and  drift-beds  cannot 
be  coupled  as  cause  and  effect. 

Mr.  Martin  therefore  observes,  "  Of  the  fossil  or  diluvial  wood  and 
tnmks  of  trees  in  situ  amongst  [?  beneath]  the  gravel-beds  of  Surrey, 
below  the  chalk,  spoken  of  by  Sir  R.  Murchison*  (on  the  authority 
of  Mr.  Austen)  in  attestation  of  '  a  true  terrestrial  surface,'  after 
the  commencement  of  the  denuding  sera  [subsequent  to  the  comple- 
tion of  the  process  of  denudation  f],  I  cannot  say  that  they  do  not 
exist,  but  I  -have  looked  into  many  gravel-pits  there,  and  in  the  cor- 
responding districts  under  the  South  Downs,  and  I  have  never  seen 
any  wood  in  drift  which  was  not  of  the  most  modem  description,  such 
as  would  till  lately  have  been  called  mere  '  alluvium.'  Carbonized 
tnmks  of  trees  are  to  be  found  in  all  the  bogs  and  swamps,  especially 
in  the  alluvium  of  the  river-courses,  as  noticed  in  my  early  memoir  on 
Western  Sussex.  On  the  banks  of  the  Mole  and  the  Wey,  and  of 
their  affluents,  I  doubt  not  such  prostrate  and  uprooted  trees  may  be 
detected ; — they  are  post-diluvial." 

The  "  diluvial "  has  ceased  to  be  a  definite  geological  period  for 
the  last  ten  years  or  more ;  and  it  may  seem  to  some  that  it  was  not 
necessary  to  notice  such  objections,  more  particularly  as  they  were 
accompanied  by  such  other  representations  as  that  "  the  raised  beach 
at  Brighton  belongs  to  the  Eocene  sera." 

The  supposition  that  the  terrestrial  surfaces  referred  to  truly 
formed  part  of  the  most  modern  or  present  period  was  altogether 
unnecessary,  inasmuch  as  these  peaty  and  alluvial  accumulations 
were  distinguished  f  from  the  older  ones  both  by  position  and  in 
the  different  assemblage  of  animal  remains. 

*  Quirt.  Joum.  Geol.  Soc.  vol.  viil  p.  375,  &c.        f  ^^i^-  vol.  vii.  p.  281. 
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The  older  terrestrial  surface  does  not  occur  anywhere,  that  I  know 
of,  on  the  immediate  hanks  of  the  Wey  or  Mole.  These  riTers  and 
their  affluents  now  flow  at  levels  much  below  the  general  outspread  of 
the  transported  grayel.  Even  at  the  height  at  which  it  is  now  kept 
artificially,  the  River  Wey,  from  Guildford  to  Grodalming,  does  not 
come  near  the  base  of  the  gravel-beds  vertically ;  nor  at  times  of 
greatest  flood  does  it  occupy  the  space  formed  by  the  denudation 
which  the  gravel-beds  themselves  have  experienced  since  their  original 
distribution.  Near  Famham,  the  gravel-beds  are  30  feet  above  the 
level  of  the  river ;  in  the  Pease  Marsh  the  difference  is  not  leas. 
The  modem  alluvia  and  the  drift-gravel  beds,  in  the  case  of  the  rivers 
referred  to  by  Mr.  Martin,  never  occur  together.  But,  as  it  is  a 
matter  of  some  interest  to  make  out  as  many  points  as  possible  where 
vestiges  are  preserved  of  that  old  land-surface  which  was  coeval  with 
the  fauna  of  large  extinct  Mammalia  which  once  existed  here,  I 
would  first  indicate  a  locality  at  which  it  has  been  shown  since  my 
former  communication  on  tne  valley  of  the  Wey*. 

The  ereat  sheet  of  gravel  and  brick-earth  which  is  spread  out  over 
Wonersh  Common  (see  Map,  fig.  1)  runs  out  to  the  edge  of  the 
depression  in  which  the  Tillii^boume  stream  flows.  The  gravel-beds 
are  cut  off  abruptly,  and  are  from  8  to  10  feet  above  the  level  of  the 
water,  measuring  to  their  lowest  line.  In  the  course  of  some  works 
connected  with  the  formation  of  water-meadows  in  East  Shalford,  a 
water-course  was  carried  along  these  beds  for  a  considerable  distance. 
They  were  seen  to  consist  of  gravel  and  sands,  with  diagonal  bedding, 
showing  an  arrangement  by  running  water,  such  as  I  have  describedf, 
and  contained  Elephant  remains.  At  a  spot  near  where  the  road 
from  Wonersh  Common  to  East  Shalford  Farm  crosses  the  water- 
course, and  afterwards  the  Tillingboume,  a  good  section  was  exposed, 
which  had,  when  I  first  saw  it,  been  swept  clean  by  a  lai^  body  of 
water  having  been  turned  through  it.     The  section  showed 

1.  Drifl-gravel  J  8  feet. 

2.  Bed  with  black  vegetable  matter,  seemingly  composed  of 
matted  roots,  with  occasional  trees, — the  whole  associated  with  fine 
marly  beds. 

3.  Neocomian  clay. 

The  roots  of  the  larger  trees  descended  into  the  subjacent  clays. 
There  were  also  smaller  stems,  with  a  bark  like  that  of  the  hazel ; 
but  the  wood  had  perished. 

This  terrestrial  surface  was  identified  again  about  a  mile  higher  up 
the  valley,  near  Tangley  Pond,  beneath  about  18  feet  of  gravel ;  and 
consists  of  marly  beds  with  much  vegetable  matter,  and  blending 
with  the  sands  and  gravels  above.  This  locality  is  not  on  the  line  of 
the  present  stream,  but  is  a  part  of  what  formed  a  low  tract  before 
the  overspread  of  the  gravel ;  and,  as  a  general  rule,  it  will  be  found 
that  the  Elephant  remains  are  always  most  abundant  in  the  gravels 
which  occur  about  such  spots.     In  the  instance  which  has  just  been 

*  Quart.  Journ.  Geol.  Soc  vol.  vii.  p.  278.  f  ^M*  P*  284. 
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noticed,  as  in  every  other,  there  was  a  total  absence  of  any  detritus 
below  this  old  terrestrial  surface. 

I  am  well  aware  that,  in  the  .majority  of  cases  where  drifl^graTel 
beds  are  seen  in  superposition  on  inferior  strata,  there  are  no  indica- 
tions of  terrestrial  conditions  ;  but  it  must  be  borne  in  mind  that  at 
erery  time,  as  now,  the  accumulation  of  peaty  matter  is  a  local  and 
exceptional  case ;  and  all  that  can  be  expected  is,  that  it  should 
occur  when  the  old  configuration  of  the  surface  rendered  its  formation 
possible.  This  old  land-surface  supplies  us  with  a  definite  and 
valuable,  thoush  isolated,  date  in  the  geological  history  of  a  large 
area  north  of  Uie  Wealden  denudation. 

I  would  here  refer  to  one  or  two  instances,  in  order  to  show  that 
old  terrestrial  surfaces  of  like  age  with  those  in  the  north  of  the 
Wealden  area  exist  elsewhere. 

Isle  of  Wight. — I  had  previously  visited  the  locality  indicated  by 
Sir  H.  Englefield,  whose  description*  will  still  be  found  most  accu- 
rate, that  "  near  the  top  of  the  cliff  lie  numerous  trunks  of  trees,  not 
lodged  in  the  undisturbed  strata,  but  buried  8  or  10  feet  under  sand 
and  ^avel.  Many  are  1  foot  or  2  feet  in  diameter,  and  10  to  12 
feet  m  length ;  their  substance  is  soft,  but  their  forms  are  distinct ; 
and  with  them  occur  considerable  quantities  of  small  nuts,  like  those 
of  the  hazel."  He  adds  that  no  hazel  now  grows  upon  the  island ; 
nor  has  the  subversion  of  the  trees  been  an  event  of  recent  occur- 
rence. I  had  further  an  opportunity  of  seeing,  in  company  with  the 
late  Prof.  £.  Forbes,  his  own  discovery  of  an  instance  of  terrestrial 
surface  infraposed  to  the  Drift-gravels,  at  the  east  end  of  the  Isle  of 
Wight,  near  St.  Helens ;  which  he  noticed  in  a  communication  on 
the  newer  £ocenes  of  that  locality,  but  which  has  been  omitted  in  the 
published  abstract.  The  beds  themselves  present  the  usual  characters 
of  all  accumulations  of  vegetable  matter  in  low  damp  situations,  in- 
cluding the  remains  of  trees  of  large  size.  The  beds  contained  the 
remains  of  Insects. 

The  overlying  gravel-beds  are  developed  on  a  grand  scale,  fonnins 
part  of  a  band  in  the  north  of  the  central  chalk-ridee  of  Brading  and 
Bembridge  Downs ;  and  corresponding  with  that  which  occupies  the 
central  valley,  along  the  line  of  the  anticlinal  of  the  island,— or  to  the 
south  of  the  same  ridge.  The  Brading  gravels,  where  thickest,  as 
near  Foreland,  have  a  marked  bedded  arrangement,  which  is  not  quite 
horizontal,  but  inclines  towards  the  chalk-range.  The  materials  have 
been  derived  from  the  chalk,  but,  though  from  Foreland  the  gravel 
extends  southward  over  the  edges  of  the  upturned  Eocene  beds,  they 
stop  short,  and  do  not  reach  the  chalk-strata.  The  like  happens  with 
respect  to  the  gravel-masses  of  the  south  side  of  the  central  range, 
along  the  Yar.  They  will  be  seen  to  be  separated  from,  and  to  range 
below  the  level  of  the  chalk, — in  other  words,  they  have  not  been 
produced  by  the  abrasion  of  the  chalk-strata  now  nearest  to  them  ; 
thus  showing,  in  conformity  with  what  has  been  noticed  respecting 
the  longitudinal  valleys  of  the  Wealden,  that  they  were  destitute  of 
detritus  before  the  Drift-gravel  Period.     The  superposition  of  the 

♦  Englefield'8  Isle  of  Wight,  p.  132.  pi  22. 
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Stratified  gravel-beds  of  Brooke  which  belong  to  the  central  valley 
area,  over  a  terrestrial  surface  of  the  same  age  as  that  of  St.  Helens, 
tends  to  refer  all  the  gravels  spread  over  the  surface  of  the  tertiary 
series  to  one  and  the  same  group. 

Coaat  of  France, — On  the  evidence  that  masses  of  peat  were 
brought  up  in  trawls  from  parts  of  the  sea-bed  off  the  French  coast 
(Pas  de  Calais,  Department  of  the  Somme), — and  that  over  the  same 
spots  the  remains  of  Elephaa  primigenius  were  very  frequent  as  well 
as  perfect,  I  ventured  on  the  opinion  that  these  parts  of  the  Channel 
had  formed  part  of  the  dry-land-surface  of  the  period  of  that  fauna. 
Some  observations  by  French  geologists  (Rozet)  respecting  a  tourbe 
du  Diluvium  indicated  that  they  had  seen  instances  of  terrestrial 
sur&ces  beneath  the  gravel-drifl ;  none  of  them,  however,  have  been 
particularly  indicated.  It  was  therefore  with  much  interest  that,  in 
conjunction  with  several  members  of  this  Society,  I  met  with  such  a 
case  in  the  course  of  a  geological  excursion  in  the  spring  of  last  year. 
The  place  at  which  the  section,  fig.  2,  was  taken,  is  about  half-way 
between  Dieppe  and  the  Lighthouse  of  St.  Marguerite.  The  beds 
are  cut  ofi^  by  the  chff  as  represented  in  the  sketch.  The  portion 
remaining  has  a  slight  basin-shaped  arrangement,  as  if  the  vegetable 
and  sedimentary  matter  had  been  collected  in  some  local  depression. 
The  underlying  beds  belong  to  the  lower  £ocenes ;  and  above  are  thick 
water-strewn  beds  of  fiint-gravel.  Mr.  D.  Sharpe  collected  in  the 
deposit  in  question  the  remains  of  insects. 

Fig.  2. — Cliffy  Section  exposed  near  Dieppe. 


I.  Orarel.  3.  Peaty  layer*.  3.  Tertiary  beds. 
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These  facts  are  offered  as  additional  evidence  in  8iq>port  of  the 
conclusion  I  put  forward  in  a  communication  on  the  area  of  the 
English  Channel, — viz.  that  a  very  large  portion  of  it  formed  a  cott- 
tinuous  surface  of  dry  land  with  the  adjoining  parts  of  France  and 
England,  at  the  time  of  the  Large  Mammalian  fauna  in  these  conn- 
tries.  The  geological  phaenomena  of  this  age  are  in  perfect  harmony 
on  either  side  of  the  Channel. 

It  may  have  been  remarked  by  whoever  has  sailed  along  the  French 
coast  at  the  distance  of  a  few  miles,  that  the  chalk-diffs  rise  to  a  very 
uniform  elevation  along  their  whole  course :  they  have  the  appear- 
ance of  a  vertical  wall  rising  from  the  sea,  with  openings  at  intervals, 
where  deep  valleys  open  out  at  the  sea-level ;  whilst  at  times  sudi 
depressions  in  the  outline  only  extend  downwards  for  a  portion  of  the 
height  of  the  cliffs.  The  valley-systems  of  this  chalk -area  are  some- 
what remarkable;  they  take  their  rise  at  the  very  summit-level, 
descend  rapidly,  join  others,  and  finally  merge  into  one  of  the  great 
lines  of  drainage:  small  streams  flow  down  some,  only  occasional 
streams  down  others.  They  are  all  valleys  of  excavation  ;  but  in  no 
instance  has  this  process  gone  lower  than,  or  so  low  as  the  sea- level, 
except  perhaps  in  the  estuary  parts  of  one  or  two  of  the  larger  rivers. 
As  we  cannot  imagine  that  the  depths  of  these  valleys  can  have  had 
any  influence  in  determining  the  amount  of  the  general  elevation  of 
the  chalk-formation  over  this  area,  the  contruy  may  be  assumed,— 
viz.  that  the  amount  of  elevation  has  determined  the  extent  of  ex- 
cavation. 

Over  the  whole  of  the  chalk-area  here  described,  the  upper  tabular 
surfaces  are  covered  with  the  accumulation  of  flint-drift,  not  in  con- 
fused masses,  but  in  alternating  layers  of  clay,  coarse  detritus,  and 
sands,  with  diagonal  bedding,  and  all  other  indications  of  successive 
accumulation.  The  materials  of  the  gravel  occur  in  the  valleys,  but 
under  totally  different  appearances.  They  here  present  no  r^ulari^ 
in  arrangement,  conform  to  the  slopes,  and  are  mixed  up  with  the 
subaerial  accumulations  of  the  hill-sides,  which  they  seem  to  have 
incorporated  with  them.  As  a  general  rule,  the  heights  are  covered 
with  gravel,  and  the  valleys  are  free. 

It  follows  then  that  the  valley-systems  must  have  been  mainly 
formed  since  the  dispersion  of  the  Drih ; — and  this  is  confirmed  by  the 
fact  that  it  is  only  in  the  deeper  valleys  before  mentioned,  sudi  as 
those  of  the  Somme,  the  Authie,  and  the  Canche, — which  are  vallep 
connected  with  the  axis  of  Artois, — that  old  terrestrial  surfaces  occur 
which  were  coeval  with  the  extinct  fauna  of  lai^  mammals. 

From  this  we  may  venture  on  one  further  inference, — that  the  agent 
which  has  produced  the  greater  part  of  the  existing  valley-systems  of 
the  chalk-area  of  the  North  of  France  has  been  merely  meteoric. 
Against  this  any  denudation-theory  is  inadmissible,  in  consequence 
both  of  the  irregularly  diverging  character  of  the  valleys,  and  the 
loose  materials  on  the  summit-levels.  Had  these  deep  narrow  valleys 
existed  prior  to  the  Drift,  they  must  necessarily  have  been  filled  before 
any  accumulation  could  form  and  be  spread  out  uniformly  over  the 
higher  levels. 
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The  position  of  the  gravels  of  the  coast  of  France  shows  how  very 
great  has  been  the  change  of  level  around  the  English  Channel  area"^ 
since  the  period  of  their  dispersion. 

The  formation  of  valleys,  such  as  those  of  the  French  chalk-area, 
may  seem  to  some  to  require  an  agency  more  powerful  than  that  now 
suggested ;  but,  taking  as  our  guide  the  quantity  of  Ume  taken  up  by 
every  gallon  of  rain-water  which  flows  from  our  own  chalk-district, 
the  question  becomes  one  of  time,  in  the  course  of  which  every  line 
of  inequality  along  which  water  may  flow  must  ultimately  be  deepened 
and  widened  out.  This  is  not  the  place  for  details  of  such  a  calcula- 
tion ;  which,  with  other  effects  of  subaerial  agency,  I  propose  to 
submit  collectively.  If  the  cause  be  the  true  one,  we  have  the  data 
for  the  determining  the  lapse  of  time  from  the  elevation  of  the  Drift- 
beds  down  to  the  times  in  which  we  live ;  and,  however  vast  that 
period  may  seem,  which  is  but  the  newest  date  in  our  geological 
reckoning,  we  must  not  on  that  account  merely  reject  the  result. 

The  extent  of  the  hydrographical  area  of  the  southern  counties  of 
England  and  of  the  opposite  side  of  the  Channel  during  the  period 
of  the  distribution  of  the  Drill-gravel  can  now  be  determined  with 
tolerable  accuracy,  by  combining  the  results  of  several  observers 
(more  particularly  those  of  Mr.  Prestwich  and  Mr.  Morris)  who 
have  noticed  and  described  them.  Over  the  whole  area  I  have  never 
seen,  or  even  heard  of,  the  presence  of  a  single  form  which  would  in- 
dicate marine  origin.  In  spite  of  the  great  extent  of  the  area,  I 
believe  the  body  of  water  to  have  been  fresh ;  and,  as  a  whole,  it 
may  be  geologically  the  equivalent  of  some  of  the  northern  gravel- 
drifts,  which  were  undoubtedly  marine. 

The  climatal  conditions  are,  I  think,  indicated  by  the  manner  in 
which  large  blocks  of  siliceous  sandstone  have  been  lifted  and  let  fall 
amidst  accumulations  indicating  no  great  moving  power.  Such  ap- 
pearances are  well  seen  in  the  drift-area  to  the  north  of  the  chalk- 
range  of  Surrey,  particularly  about  Ash.  The  distance  from  which 
these  blocks  have  been  moved  cannot  have  been  very  great ;  and  the 
only  condition  which  seems  to  meet  the  requirements  is  one~where< 
coast-ice  was  periodically  formed  and  dispersed,  carrying  with  it  such 
materials  as  might  be  included  in  or  attached  to  it. 


January  3,  1855. 

Dr.  A.  Halley  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  On  a  Modern  Submerged  Forest  at  Fort  Lawrence, 
Nova  Scotia.    By  J.  W.  Dawson,  Esq.,  F.G.S. 

The  extraordinary  tides  of  the  Bay  of  Fundy,  and  its  wide  marshes 
and  mud-flats,  are  well  known  to  geologists  as  affording  some  of  the 
best  modem  instances  of  rapid  tidal  deposition,  and  of  the  preserva- 

*  See  Qaart.  Joam.  Geol.  Soc.  voL  vi.  p.  69,  and  toI.  vii.  p.  US. 
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tion  of  impressions  of  footsteps,  rain-drops,  and  sun-cracks.  Attention 
has  not,  however,  been  called  to  the  fact  which  I  propose  to  notice 
in  this  paper,  that  much,  if  not  the  whole,  of  the  marine  alluvimn  of 
the  Bay  of  Fundy  rests  on  a  submerged  terrestrial  surface,  distinct 
indications  of  which  may  be  observed  in  the  mud-flats  laid  bare  at 
low  tide,  and  in  the  deep  ditches  dug  for  drainage. 

In  their  natural  state,  the  alluvial  soils  of  the  Bay  of  Fundy  are 
mud-flats  overflowed  by  the  high  tide,  and  either  quite  bare  or 
covered  in  part  with  salt-grass.  Large  tracts  have,  however,  been 
reclaimed  from  the  sea,  and  are  distinguished  by  the  name  of  '^dyked 
marsh,"  or  more  shortly  "  dyke."  There  are  in  Nova  Scotia  40,000 
acres  of  dyked  marsh,  and  in  New  Brunswick  perhaps  10,000  acres. 
The  soil  of  the  marshes  is  everywhere  a  fine  marine  mud,  deposited 
in  thin  layers  by  the  tides,  and  of  a  brownish-red  colour ;  except  in 
the  subsoil  and  in  the  lower  parts  of  the  surface  where  the  cojour 
has  been  changed  to  grey  by  the  action  of  sulphuretted  hydrogen  on 
the  ferruginous  colouring  matter.  Thoiigh  remarkably  productive 
of  grasses  and  cereals,  no  part  of  the  marsh-land  supports  forest 
trees.  Dyked  and  salt  marshes  occur  in  nearly  every  creek  and 
inlet  of  the  upper  part  of  the  Bay  of  Fundy,  more  especially  in 
Minas  Basin,  Cobequid  Bay,  and  Cumberland  Basin ;  and  it  is  in 
this  latter  that  the  submarine  forest  to  which  this  paper  refers  b 
found  to  underlie  the  marine  alluvium. 

Fort  Lawrence  is  a  low  point  of  upland,  resting  on  Lower  Carboni- 
ferous rocks,  and  separating  the  estuaries  of  two  small  streams,  the 
La  Planche  and  Missequa»i ;  the  latter  forming  at  this  place  the 
boundary  between  Nova  Scotia  and  New  Brunswick.  Both  of  these 
rivers,  as  well  as  the  other  streams  emptying  themselves  into  Cum- 
berland Basin,  have  at  their  mouths  extensive  tracts  of  marsh,  and 
in  this  instance  the  marsh-land  extends  beyond  and  overlaps  the 
upland  point  separating  the  rivers.  At  the  extremity  of  the  point 
the  upland  slopes  gently  down  to  the  dyked  marsh,  beyond  which 
there  is  a  narrow  margin  of  salt-marsh,  scantily  dotJied  with  coarse 
grasses  and  Salicomia,  This  margin  of  marsh  without  the  dyke  is 
overflowed  by  the  highest  tides,  and  may  therefore  be  taken  as  the 
high-water  level.  Owing  to  the  toughness  of  the  upper  layer  matted 
with  roots,  and  the  action  of  the  neap  tides,  it  presents  at  the  outer 
edge  a  perpendicular  front  about  five  feet  in  height.  Below  this 
there  is  a  sloping  expanse  of  red  mud,  cut  into  many  inequalities  by 
the  tidal  currents,  which  appear  here  to  be  removing  the  old  deposit 
rather  than  adding  new  material.  On  the  surface  of  this  mud  I 
saw  impressions  of  ndn-drops  and  sun-cracks,  tracks  of  sandpipers 
and  crows,  and  abundance  of  the  shells  of  Sanffuinolaria  fHaca* , 
There  were  also  a  few  long  straight  furrows,  which  I  was  told  had 
been  produced  by  the  ice  in  spring.  Owing  to  the  firmness  of  the 
mud,  they  remained  (in  August)  quite  sharply  marked,  though  m 
places  filled  up  with  new  mud. 

At  the  distance  of  326  paces  from  the  abrupt  edge  of  the  marsh, 
and  about  twenty-five  feet  below  the  level  of  the  highest  tides,  which 
•  Probably  identical  with  TVAma  Baiihiea,  Linn. 
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here  rise  in  all  about  forty  feet,  the  mud  becomes  mixed  with  sand 
and  gravel,  with  occasional  large  stones,  probably  dropped  by  the 
ice.  At  this  level  appear  erect  stumps  and  many  prostrate  trunks 
of  trees.  The  stumps  are  scattered  as  in  an  open  forest,  and  occupy 
a  belt  of  135  paces  in  breadth  and  extending  on  either  side  for  a 
much  greater  distance.  I  saw  more  than  thirty  stumps  in  the  limited 
portion  of  the  belt  which  I  examined.  Between  the  lowest  erect 
stumps  and  the  water-level  at  low  tide  is  a  space  of  1 70  paces,  in 
which  I  observed  only  fragments  of  roots  and  prostrate  trunks,  which 
may,  however,  be  the  remains  of  trees  swept  away  by  the  ice  from 
the  portion  of  the  shore  on  which  these  fragments  now  lie. 

Cfn  digging  around  some  of  the  stumps,  they  were  found  to  be 
rooted  in  ground  having  all  the  characters  of  orchnary  upland  forest- 
soil,  lu  one  place  the  soil  was  a  reddish  sandy  loam  with  small 
stones,  like  the  neighbouring  upland  of  Fort  Lawrence.  In  another 
place  it  was  a  black  vegetiu)le  mould,  resting  on  a  whitish  sandy 
subsoil.  The  smallest  roots  of  all  the  stumps  were  quite  entire  and 
covered  with  their  bark,  and  the  appearances  were  perfectly  conclu- 
sive as  to  their  being  in  the  place  of  their  growth.  I  have  no  doubt 
that  the  whole  of  these  stumps  have  been  deeply  covered  with  the 
marsh-deposit,  and  have  been  laid  bare  by  the  encroachments  of  the 
tides  on  this  somewhat  exposed  point.  In  a  few  places  the  lowest 
layer  of  the  mud  originally  deposited  over  the  forest  soil  could  be 
observed.  It  is  a  veiy  tough  unctuous  blue  clay,  with  a  few  vege- 
table remains  resembling  roots  of  grasses.  This  may  have  been  the 
first  deposit  from  sea-water,  while  the  forest  was  still  sufficiently 
dense  to  prevent  the  access  of  coarser  sediment. 

All  the  stumps  and  trunks  observed  were  pine  and  beech  (Pintts 
strolms  and  Fagus  ferrugiTiea),  and  it  is  worthy  of  notice  that  these 
are  trees  indicative  rather  of  dry  upland  than  of  swampy  ground. 
The  pine-wood  is  quite  sound  within,  though  softened  and  discoloured 
at  the  surface.  The  beech  is  carbonized  at  the  surface,  and  so 
brittle  and  soft  that  trunks  of  large  size  can  be  cut  with  a  spade,  or 
broken  across  by  a  very  slight  blow.  Owing  to  this  sofltened  condi- 
tion of  the  beech-stumps,  they  are  rounded  at  top,  and  scarcely  rise 
above  the  surface  of  the  mud ;  while  some  of  the  pines  project  more 
than  a  foot.  Even  these  last,  however,  are  much  worn  and  crushed 
by  the  pressure  of  the  ice.  The  largest  stump  observed  was  a  pine, 
two  feet  six  inches  in  diameter,  and  exhibiting  about  200  hues  of 
growth. 

These  appearances  cannot  be  explained  by  driftage,  for  the  trees 
are  rooted  in  a  perfect  woodland-soil ;  nor  can  they  be  accounted  for 
by  landslips,  for  the  stumps  are  separated  from  the  nearest  upland 
by  marshes  nearly  a  quarter  of  a  mile  in  width,  and  the  upland  is 
low  and  gentle  in  its  slope.  The  popular  explanation  is  that  the 
tides  have  at  some  former  period  been  dammed  out,  or  their  entrance 
obstructed  by  a  narrowing  of  the  mouth  of  the  Bay.  This  theory  is 
countenanced  by  the  present  state  of  the  tideway  of  the  St.  John 
River,  in  which  a  ledge  of  rock  so  obstructs  the  narrow  entrance, 
that,  while  at  low  tide  there  is  a  considerable  fall  outward,  at  half 
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tide  tbe  water  becomes  level,  and  at  bieh  tide  tbere  is  a  fall  inward ; 
the  level  within  not  rinng  to  that  of  high  water  withoat,  except  in 
times  of  flood,  when  the  excess  of  fresh  water  in  the  river  suppties 
the  deficiency  of  tide-water.  It  is  evident  that  the  complete  removal 
of  this  obstruction  would  enable  every  tide  to  overflow  ground  now 
covered  only  by  the  annual  river-floods ;  and,  on  the  other  hand,  the 
river  would  be  daily  drained  out  to  the  level  of  the  low  tide.  Such 
an  obstruction  would  without  doubt  produce  a  change  in  the  water- 
level  of  Cumberland  Basin,  and  might  even  enable  trees  to  flourish  a 
few  feet  below  the  present  high-water  mark ;  but  it  could  not  under 
any  circumstances  enable  upknd-woods  to  grow  nearly  at  the  level 
of  low  tide  in  a  country  so  well  supplied  with  streams. 

The  only  remaining  mode  of  accounting  for  the  phsenomena  is  the 
supposition  that  a  subsidence  to  the  amount  of  about  forty  feet  has 
occurred  in  the  district.  Such  a  subsidence  is  not  likely  to  have 
been  limited  to  Fort  Lawrence  Point ;  and  accordingly  I  have  been 
informed  by  intelligent  persons,  long  resident  in  the  neighbourhood, 
that  submerged  stumps  have  been  observed  at  a  number  of  other 
places,  in  circumstances  which  showed  that  they  were  in  situ ;  and 
that  trees  and  vegetable  soil  have  been  uncovered  in  digging  ditches 
in  the  marsh.  Nor  are  these  appearances  limited  to  Cumberland 
Basin.  At  the  mouth  of  Folly  mver,  on  the  southern  arm  of  the 
Bay,  a  submerged  forest  on  an  extensive  scale  is  said  to  occur ;  and 
in  the  marshes  of  Comwallis  and  Granville  vegetable  soils  are  found 
under  the  marsh.  These  facts  render  it  probable  that  the  subsidence 
in  question  has  extended  over  the  whole  shores  of  the  Bay,  and  that 
the  marshes  have  been  deposited  and  the  present  lines  of  coast-diff 
cut  since  its  occurrence. 

The  marshes  of  the  Bay  of  Fundy  are  known  to  have  exbted  at 
or  about  their  present  level  for  250  years.  It  is  true  that  an  opinion 
prevails  in  some  of  the  marsh-districts,  that  the  tides  now  rise  higher 
than  formerly,  and  in  proof  it  is  alleged  that  the  dykes  are  now 
maintained  with  greater  difficulty,  and  that  tracts  of  marsh  once 
dyked  have  been  abandoned.  The  settling  of  the  mud  and  the  nar- 
rowing of  the  tidal  channels  by  new  embankments  may,  however, 
have  produced  these  effects.  For  the  antiquity  of  these  submerged 
forests,  we  must  therefore  add  to  the  two  centuries  and  a  half  which 
have  elapsed  since  the  European  occupation  of  the  country  a  suffi- 
dent  time  for  the  deposition  of  the  alluvium  of  the  marshes.  On  the 
other  hand,  the  state  of  preservation  of  the  wood,  after  making  every 
allowance  for  the  preservative  effects  of  the  salt-mud«  shows  that  its 
growth  and  submergence  must  belong  to  the  later  part  of  the  modem 
period. 

It  is  a  singular  coinddence  that  this  comparatively  modem  in- 
stance of  the  submergence  and  burial  of  a  forest  should  occur  in  the 
vidnity  of  the  Joggms  cliffs,  which  so  well  exhibit  the  far  more 
wonderful  events  of  a  like  character  which  occurred  in  the  Carboni- 
ferous Period. 
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2.  Notice  of  some  New  Reptilian  Fossils  from  the  Purbeck 
Beds  near  Swanage.     By  Prof.  Owen,  F.R.S.,  F.G.S. 

Having  received  from  Mr.  W.  R.  Brodie,  Part  of  the  right  ramus 
of  Swaoage,  a  second  collection  of  fossils  of  the  Lower  Jaw  with 
from  the  Purbeck  beds  at  Durdlestone  Bay  teeth  of  Saurillus 
for  examination,  I  find  amongst  the  Ver-  obtusus,  Owen.  (Nat. 
tebrate  specimens  some  Ichthyolites  and  size  and  maguitiea.) 
two  examples  of  Reptilia  :  the  latter  seem  ^^*-wv»^ 

worthy  of  a  woodcut ;  they  are  small,  and 
may  be  described  as  follows  : — 

Specimen  J,  from  the  "  dirt-bed  *," 
no.  93  in  Mr.  Austen's  stratigraphi(»l 
fistf.  It  indicates  a  Lacertian  genus  and 
species,  for  which  I  propose  the  name  of 
Saurillus  obtusus.      This  lizard  is  repre-  j. 

sented  by  the  right  dentar^  bone  of  the  11 

lower  jaw  (see  fig.),  containing  13  mode-  ^ 

ntely   long,    a)nical,   blunt-pointed    teeth,       a.  One  of  the  teelh  magniflcd. 

differing  in  form  from  those  of  the  Nu- 

thetes  and  Macellodus  described  in  a  former  communication^,  and 

from  the  same  formation  and  locahty. 

The  teeth  in  Saurillus  are  not  so  long  nor  so  recurved  as  in  Nu- 
tkeles,  nor  are  they  compressed  as  in  that  genus  ;  and  they  are  not 
broad  and  flat  as  in  Macellodus,  On  the  outer  side  of  the  dentary 
bone  are  six  nervo- vascular  foramina  in  a  longitudinal  row,  relatively 
as  numerous  and  large  as  in  the  Iguanodon,  and  indicating,  as  in  that 
and  other  Saurian  reptiles,  the  scaly  covering  of  the  iaws  and  the 
equally  reptilian  condition  of  the  sahvary  apparatus  in  the  little  Sau" 
rUlus.  Supposing  the  fossil  to  have  come  from  a  mature  individual, 
the  size  of  the  animal  must  have  been  equal  to  that  of  the  common 
European  lizard  Lacerta  agilis.  It  was  most  probably  insectivorous. 
The  specific  name  refers  to  the  obtuse  termination  of  the  muzzle,  as 
indicated  by  the  form  of  the  fore  part  of  the  jaw,  and  also  to  the 
blunt  apices  of  the  conical  teeth.     See  figure. 

Specimen  B,  from  the  same  bed,  is  a  portion  of  jaw  with  two  long, 
slender,  recurved,  pointed  teeth,  of  an  almost  circular  transverse 
section,  with  two  opposite  low  but  sharp  ridges  along  the  enamelled 
crown,  like  those  in  Teleosaurian  teeth.  If  this  fragment  formed 
part  of  a  frill-grown  animal,  it  indicates  a  species  of  Saurian,  probably 
Lacertian,  reptile,  distinct  from  any  of  the  before-defined  kinds  from 
the  Purbecks.  The  jaw-bone  is,  however,  too  much  mutilated  at 
the  base  of  the  teeth  to  determine  their  precise  mode  of  attachment. 
The  teeth  are  black,  with  the  enamel  unusually  lustrous. 

A  portion  of  a  iiaw  of  a  somewhat  larger  reptile,  with  empty  sockets 
for  simple  teeth  uke  those  of  a  Crocodile,  is  imbedded  in  the  same 

*  See  also  Qaart.  Joum.  GeoL  Soc.  No.  40,  p.  423  and  p.  482. 

t  Guide  to  the  Geology  of  Purbeck.  Sto.  1852. 

X  Quart.  Jotum.  Geol.  Soc.  June  1854,  no.  40,  pp.  420-426,  figs.  1-8. 
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slab.  Neither  of  these  indications  call  for  a  specific  name;  fatnre 
explorations  by  their  discoverer  may  bring  to  light  more  evidence  of 
the  animal  so  mdicated.  Already  much  valuable  knowledge  of  the 
Vertebrate  fossils  of  the  Purbecks  has  been  gained  by  the  indefati- 
gable researches  and  acute  discernment  of  Mr.  Brodie. 


3.  Notice  of  a  new  species  of  an  extinct  genus  o^Dibran- 
CHiATE  Cephalopod  {Coccoteuthts  latipinnis)  from  the  Upper 
Oolitic  Shales  at  Kimmeridge.  By  Prof.  Owen,  F.R.S., 
F.G.S.  &c. 

[Plate  VII.] 

The  subject  of  the  present  notice  is  the  internal  shell,  '  sepium '  or 
cuttle-bone  of  a  large  Dibranchiate  Cephalopod,  combining  some  of  the 
characters  of  that  of  the  Cuttle  (Sepia)  with  that  of  the  ^uid  {LoligOy 
Sepioteuthis,  &c.).  The  specimen  was  discovered  by  w .  R.  Brodie, 
Es^.,  at  low-water-mark,  in  the  shales  at  Kimmeridge,  in  a  layer  of 
which  it  lies  imbedded,  with  the  dorsal  surface  expos^.  It  is  1  foot  in 
length,  although  the  hinder  pointed  end  is  broken  away,  and  5\  inches 
in  breadth  at  its  broadest  part,  about  one-third  from  the  hinder  end ; 
proportions  which  indicate  the  entire  animal  yielding  it  to  have  been 
about  a  yard  in  length  from  the  end  of  the  outstretched  arms  (see 
PI.  VII.) .  The  sepium  is  slightly  convex  along  the  middle  of  the  dorsal 
surface,  which  is  the  one  exposed,  and  this  convexity  is  beset  with  hard 
calcareous  granules ;  the  largest,  occupying  the  middle  of  the  convexity, 
are  about  half  a  line  in  diameter,  and  gradually  diminish  in  size  to 
the  anterior  border,  and  to  within  two  inches  and  a  half  of  the  frac- 
tured posterior  end.  The  substance  of  the  plate  which  sustains  these 
granules  is  calcified,  but  the  calcareous  layer  is  very  thin,  about  one- 
third  of  a  line,  and  it  coats  a  black  internal  horny  layer,  which  extends 
to  the  lateral  margins,  where  the  calcified  outer  layer  gradually 
changes  into  a  horny  one.  This  albuminous  or  homy  part  of  the 
body  is  much  more  extensive  than  in  the  Cuttle-bone,  and  differs 
more  materially  by  being  continued  through  the  centre  of  the  sepium. 
A  little  behind  the  rounded  anterior  border  of  the  sepium,  where  the 
finely  granular  calcified  layer  is  broadest,  the  homy  mai^nal  plate 
becomes  half  an  inch  in  breadth,  gradually  increasing  for  nearly  two> 
thirds  the  extent  of  the  shell  to  a  breadth  of  one  inch  and  a  half, 
when  the  margin  suddenly  expands  and  sweeps,  with  a  convex  curve, 
backwards  to  the  hinder  end  of  the  shell.  These  posterior  expansions 
have  doubtless  penetrated  corresponding  expansions  of  the  mantle, 
forming  the  hmder  fins  of  the  Cephalopod ;  a  part  of  the  exposed 
shale,  which  was  in  contact  with  the  under  or  ventral  surface  of  one 
of  these  expansions,  shows  transverse  fibrous  markings  indicative  of 
former  muscular  attachments  of  the  part  in  question.  The  anterior 
border  of  the  shell  is  broad  and  rounded  ;  the  posterior  end  appears 
to  have  terminated  more  acutely,  but  this  characteristic  part  of  the 
shell  is  unfortunately  wanting. 

There  is  an  indication  at  a  fractured  part  near  the  middle  line  of 
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the  shell  that  it  was  slightly  convex  there  along  the  ventral  aspect ; 
but,  though  it  has  been  subject  to  compression,  the  solid  resisting 
calcified  part  was  evidentlj  much  thinner  than  in  the  cuttle-bones,  or 
sepia-shells,  of  the  present  seas  ;  and  the  distinct  horny  layers  con- 
tinued through  the  substance  of  the  shell  form  a  modification  of 
structure  not  known  in  any  existing  Cephalopod  with  a  calcified 
internal  shell. 

Frona  the  KeUxTio  of  Munster  {AcantkoteuthU  of  Wagner),  the 
genus  indicated  by  this  shell  differs  in  having  the  lateral  expansions ; 
from  the  Teudopsis  of  Deslongchamps  and  Acanthoteuthis  of  D'Or- 
bigny  it  differs  in  the  well-defined  and  restricted  extent  of  those 
expansions ;  from  the  Ommaatrephes  and  Conoteuthia  of  D'Orbigny 
it  differs  in  the  absence  of  the  strong  median  crest  or  keel.  The 
nearest  resemblance  which  I  have  found  in  previously  described  or 
figured  fossil  remains  of  the  Dibranchiate  Cephalopods  is  in  that 
specimen  which  forms  the  subject  of  Taf.  ix.  Hefl  vii.  of  Munster's 
*'  Beitrage  zur  PetrefiEu;ten-kunde  ;"  of  which  plate  no  description  or 
notice  occurs  in  the  text  or  on  the  plate  itself,  in  the  copy  of  the 
work  in  the  Oeological  Society's  Library.  1  am  indebted  to  the 
Referees  of  the  present  notice  for  the  following  information  respecting 
fig.  1 .  t.  ix.  Munst.  Beitr.  vii.  Heft.  "  It  is  the  LoUgo  antiqua  of 
Munster,  according  to  Hoeninghausen  and  D'Orbigny,  and  the  Sepia 
prisca  of  Kcenig's  '  Icones.'  Bronn  refers  it  to  the  Sepia  hasti/or- 
mM,  Ruppell,  Solenh.  9.  t.  3.  f,  2  ;  but  that  species  may  be  difTerent. 
D'Orhigny  figures  two  species  of '  Coccoteuthia,^  But  from  all  these 
Mr.  Broche's  fossil  is  probably  distinct."  [Feb.  22,  1855.]  The 
present  example  from  the  Kimmeridge  shales  appears  to  be  a  distinct 
species ;  it  is  broader  in  proportion  to  its  length. 

To  facilitate  future  references  and  comparisons  of  the  rare  indica- 
tions of  the  higher  organised  naked  Cephalopods  in  our  oolitic  series, 
1  propose  to  name  the  specimen  here  described  Coccoteuthis*  lati- 
pinnis,  in  reference  to  the  well-marked,  granulated  surface  of  the 
calcified  part  of  the  sepium,  and  to  the  breadth  of  the  pallial  fins. 
Its  essential  generic  character  is  the  extent  of  the  calcified  part  of  the 
shell  combined  with  the  homy  part.  It  indicates  a  genus  or  sub- 
genus with  very  interesting  intermediate  or  osculant  characters 
between  the  Guttles  (Sepiadte)  and  ^mds (Teutkida  or  LoliginidcB) 
of  the  present  time ;  and  it  illustrates  in  the  highest  class  of  Mol- 
luscs that  adherence  to  a  more  general  type,  which  I  have  had 
occasion  to  point  out  in  the  fossils  of  many  other  classes  of  animals 
from  the  Secondary  formations. 

A  second  specimen,  somewhat  larger  and  nearly  as  well  preserved, 
has  been  obtained  from  the  same  locality  by  Mr.  Groves  of  Ware- 
ham.— R.  O.  April,  1855. 

*  Prom  KOKKWf  a  berry,  and  rcvdjs,  a  squid  or  calamary. 
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4.  On  the  Tertiary  Formations  of  the  North  o^ Germany; 
tfnth  special  reference  to  those  of  Hesse  Cassel  and  its  neigk- 
bourhood.     By  W.  J.  Hamilton^  Esq.,  Pres.  G.S. 

Contents. 

I.  Tertiary  beds  of  Hesse  Cassel. 

1.  Sections  at  Habichte  Wald  and  Wilhelmshohe. 

2.  Sections  near  Ober  Kaofangen. 

3.  Sections  at  the  Hirschberg. 

II.  Tertiary  beds  of  Westeregeln  near  Magdeburg. 

HI.  The  reiative  age  of  the  Tertiary  Beds  of  Northern  Germany. 

Introduction. 

The  observations  contained  in  the  following  pages  are  intended  as 
supplementary  to  those  which  I  laid  before  ue  Society  on  the  22Dd 
February  last*.  The  subject  is  one  of  growing  interest,  and  is,  I  am 
happy  to  say,  attracting  the  attention  of  the  geologists  of  the  north 
of  Germany  and  of  Vienna.  We  have  therefore  every  reason  to  hope 
that,  from  their  combined  exertions,  many  years  will  not  elapse  before 
we  shall  possess  a  complete  table  of  the  chronological  history  of  the 
marine  tertiary  beds  of  Grermany.  Under  these  drcumstanoes,  and 
considering  the  comparatively  limited  extent  of  my  additional  obser- 
vations, made  last  autumn,  I  should  have  deemed  it  premature  to 
bring  them  on  this  occasion  under  the  notice  of  the  Society,  had  I 
not  been  desirous  of  availing  myself  of  this  opportunity  to  correct 
an  error  into  which  I  was  unconsciously  led  in  my  former  commu- 
nication, in  which  I  have  attributed  an  opinion  to  a  distinguished 
Grerman  geologist  which  he  never  entertained,  and  which  is  at  vari- 
ance with  what  he  has  already  published  on  the  subject.  I  trust 
that  my  friend  Dr.  Sandberger  will  accept  this  explanation  as  suffi- 
cient reparation  for  the  error  which  I  have  committed. 

At  page  292  of  the  10th  volume  of  our  Journal,  in  alluding  to 
the  tertiary  deposits  of  Westeregeln  near  Magdeburg,  I  have  stated, 
apparently  on  tne  authority  of  Dr.  Sandberger,  that  its  exact  relations 
to  the  beds  of  the  Mayence  basin  have  been  made  out,  and  that  it 
overlies  the  Brown-coal  formation  of  the  Westerwald,  which  is  itself 
the  uppermost  of  the  two  Brown-coal  formations  of  the  Mayence 
basin.  It  is  needless  now  to  inquire  how  I  was  led  to  make  this 
statement,  or  to  explain  what  now  appears  to  me  to  have  been  the 
cause  of  having  been  misled.  It  is  enough  to  state  that  Dr.  Sand- 
berger's  opinion,  which  he  has  published  in  his  last  workf  on  the 
Mayence  basin,  is  that  the  Westeregeln  or  Magdeburg  sands,  which 
are  stated  by  Dr.  Bey  rich  and  others^  to  be  older  than  the  Septaria- 
clay  of  Berlin,  &c.,  are  of  the  same  age  as  the  Weinheim  sands,  and 
consequently  much  older  than  either  of  the  Brown-ooal  formations 
of  the  Mayence  basin.     I  believe  it  is  the  opinion  of  other  German 

*  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  254  et  teq, 

t  Untersuchungen  iiber  das  Mainzer  Tertiar  Becken,  von  D.  F.  Sandberger. 
Wiesbaden.  1853,  p.  79. 

X  See  Zeitachrift  der  Deutschen  Geologisch.  Gesellschaft,  1851,  vol.  iii.  p.  216. 
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geologists  thftt  these  Westeregeln  sands  are  still  older ;  but  we  shall 
return  to  this  point  hereafter.  I  will  here  merely  observe  that  the 
bnlj  correct  part  of  the  statement  above  quoted  is  that  the  Marine- 
sands  pf  Westeregeln  overlie  a  Brown-coal  formation,  consequently  a 
Brown-coal  of  a  much  older  date  than  those  of  the  Wetterau  or  the 
Westerwald. 

I  propose  in  the  following  remarks  to  call  the  attention  of  the 
Society  principally  to  the  following  points : — 

1 .  Tertiary  geology  of  the  neighbourhood  of  Hesse  Cassel. 

2.  Remarks  on  the  tertiary  beds  of  Westeregeln. 

3.  Concluding  remarks  on  the  chronological  connection  of  some  of 
the  tertiary  formations  of  the  north  of  Grermany. 

I.  Tertiary  Beds  of  Hesse  Cassel. 

The  tertiary  marine  formations  of  Hesse  Cassel  have  been  lone  aso 
described  by  (xerman  writers,  and  a  tolerably  correct  list  of  the 
fossils  oontamed  in  them  was  published  by  Philippi  in  his  work*  on 
the  Tertiary  Fossils  of  the  North  of  Germany. 

Mnch,  however,  remained  to  be  done  in  working  out  their  true 
position,  and  in  ascertaining  their  relative  position  to  the  Brown-coal 
formations  of  the  district,  and  to  the  other  tertiary  marine  beds  of 
the  north  of  Germany.  The  numerous  volcanic  outbursts  and  basaltic 
knolls  which  have  penetrated  the  entire  district,  extending  from  the 
Yogelsberg  and  the  Rhon  Gebirge  to  the  northwards  far  beyond  Cassel, 
constitute  one  of  the  most  peculiar  features  of  the  country,  not  only 
modifying  the  physical  character  of  the  region,  but  indicating  the 
former  existence  of  elastic  forces  which  have  affected  the  whole  of 
the  underljring  sedimentary  deposits.  These  basaltic  rocks  are  some- 
times found  spreading  themselves  out  in  vast  tabular  masses  over 
the  underlying  Brown-coal  beds,  to  which  they  form  a  kind  of 
capping,  as  is  seen  in  the  Habichts  Wald  near  Cassel,  the  Hirschberg, 
and  the  Meissner.  In  most  cases,  however,  the  basalt  occurs  in 
dykes  or  in  isolated  knolls,  spread  over  the  face  of  the  country  from 
Frankfort  on  the  Maine  to  Cassel,  and  even  beyond  to  the  neigh- 
bourhood of  Gottingen  and  Carlshafen  on  the  Weser. 

The  following  Sections  observed  in  the  vicinity  of  Cassel  will  best 
explain  the  manner  of  the  occurrence  of  these  tertiary  beds : — 

I .  Sections  at  Habichts  Wald  and  JFilhelmshdhe. 

Although,  generally  speaking,  the  Bunter  Sandstein  and  the  Mus- 
chelkalk  lorm  the  basis  on  which  the  tertiary  beds  have  been  here 
deposited,  it  is  the  Muschelkalk  alone  which  forms  the  basis  of  the 
tertiaries  of  the  Habichts  Wald.  A  ridge  of  Muschelkalk  extends  in 
the  direct  line  of  strike  from  £.  to  W.,  from  Cassel  to  the  north  of 
Wilhelmshohe,  constituting  a  low  range  of  hills.  The  beds  dip  due 
S.  about  6°  or  8^ ;  while  the  Bunter  Sandstein  which  occurs  further 
N.  loses  itself  conformably  under  the  Muschelkalk.     This  ridge  is 

*  Bdtrage  zar  Kenntniss  der  tertiar  Versteinerungen  des  nordwestlichen 
DentMhUndf.    Cassel,  1844. 
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traversed  at  right  angles  to  the  stilke  and  ahnost  yertical  deavage^ 
|!  planes  hj  a  powerful  dyke  of  basalt,  which  is  exposed  near  the  town. 

I  Another  dyke  is  seen  in  the  Ahne  Thai  on  the  Habichts  Wald,  from 

I  which  lateral  injections  of  tabular  horizontal  beds  of  basalt  have  been 

I  forced  into  the  Muschelkalk. 

Over  the  Muschelkalk  occur  in  ascending  order : — 1 .  AltematiDg 

beds  of  sand  and  clay,  sometimes  the  one  and  sometimes  the  other, 

resting  immediately  on  the  secondary  rocks.     In  one  of  these  lower 

beds  of  sand  are  thin  bands  of  sandstone,  containing  numerous  rege- 
I  table  impressions,  amongst  which  those  of  Taxus  and  Cypreuus  have 

been  made  out. 
I  2.  A  bed  of  clay,  four  or  five  feet  thick,  forming  an  nnderclay  to 

the  Brown-coal :  this  clay  (blauer  Letten)  is  generally  of  a  dark 

bluish  colour. 

3.  Brown  Coal :  these  beds  are  here  from  30  to  40  feet  thick, 
and  are  extensively  worked  to  supply  the  neighbourhood  with  fuel. 
In  some  places  the  Coal-beds  crop  out  on  the  surface,  and  the  coal  is 
worked  in  open  cuttings.  In  general  character  it  is  compact  and 
earthy,  of  a  uniform  texture,  and  without  any  trace  of  vegetable 
organisms.  Occasionally  it  acquires  a  brighter  lustre,  and  is  more 
easily  broken,  and  is  then  called  Glance-cod.  This  generally  occurs 
in  the  neighbourhood  of  the  basalt. 

4.  A  bed  of  clay,  about  4  feet  in  thickness ;  generally  similar  to 
that  below  the  Brown-coal. 

5.  Marly  yellowish  sand,  containing  marine  shells.  The  only 
section  of  this  bed  which  I  saw  was  in  the  Ahne  Thai,  where  it  occurs 
in  a  deep  ravine ;  here  the  beds  have  been  much  disturbed  by  the 
protrusion  of  the  igneous  rocks.  It  is  not  well  exhibited.  The 
bhiUs  are  chiefly  small,  and  much  broken.  A  list  of  them  has  been 
published  by  Dr.  Philippi  of  Cassel  in  1844"*^,  from  which  it  appears 
that  at  least  24  species  are  identical  with  those  of  the  Mayence  basin. 
There  is  no  list  of  synonyms  supplied  by  Philippi ;  such  a  list  would 
probably  give  a  greater  number  of  identical  species  in  the  two  for- 
mations. 

6.  Loose  incoherent  sand,  locally  called  Trieb-  or  drift-sand,  from 
its  tendency  to  drift  into  the  shafts,  and  other  works  of  the  coal-pits. 
It  constitutes  the  greatest  difficulty  of  the  workmen  in  driving  Uieir 

^  adits  and  galleries,  and  has  occasioned  the  abandonment  of  more 
than  one  working.  Large  blocks  of  quartzose  sandstone  occasionally 
occur  in  this  sand,  some  of  which  are  said  to  contain  marine  shells, 
others  are  full  of  casts  of  the  stems  of  plants. 

These  beds  have  all  a  slight  incUnation,  varying  more  or  less  in 
different  places,  towards  the  centre  of  the  basaltic  hill  which  con- 
stitutes the  summit  of  the  Habichts  Wald.  (See  fig.  1.)  The  Brown- 
coal  dips  under  the  basaltic  mass  which  forms  the  plateau  of  the  top 
of  the  hill.  This  phsenomenon  of  the  Brown-coals  dipping  under 
the  basalt,  which  I  have  observed  in  other  places,  will  be  alluded  to 
again  hereafter. 

*  Philippi,  Beitri&ge,  &c. 
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It  appears  from  the  above  detailed  section  that  the  marine  deposit 
is  oomparatiyely  small  in  this  Cassel  region.  One  thin  bed  only 
oGcars  containing  marine  remains,  with  the  exception  of  a  few  isolated 
shells  said  to  be  found  in  the  sandstone-blocks  lower  down  the  hill  in 
the  sand  below  the  Wilhelmshohe.  The  greatest  number  of  the  shells, 
and  the  best  preserved  specimens,  described  by  Philippi,  were  obtained 
many  years  ago,  while  laying  out  the  grounds  near  the  palace  at 
the  foot  of  Wilhelmshohe  towards  Cassel,  dy  in  fig.  1.  The  beds 
were  here  nearly  300  feet  below  their  position  in  the  Habichts  Wald, 
the  latter  having  been  probably  elevated  in  consequence  of  the  pro- 
trosion  of  the  basaltic  conglomerate  which  intervenes,  and  on  which 
the  fantastic  ruins  of  Wilhelmshohe  arc  built. 

Fig.  1. 

Wilhelmshohe  £ 

Hafaiehta  Wald.  Cattle.  %  . 


«.  Baaalt.  d.  Tertiary  bedi. 

b.  Brown-coal  beds.  e.  Muachelkalk. 

c.  TnKhjtic  and  basaltic  conglomerate. 

2.  Section  of  tertiary  beds  near  Ober  Kaufungen, 

In  the  small  oblong  plain  irregularly  extending  between  Nieder 
KaaAmgen  and  Ober  Kaufdngen,  about  five  or  six  miles  E.S.E.  from 
Cassel,  is  another  extensive  tertiary  formation,  in  which  are  consider- 
able deposits  of  brown-coal  and  blue-clay,  overlaid,  as  in  the  Ha- 
bichts Wald  section,  by  a  marine  sand,  of  no  great  thickness,  but 
ftill  of  remains  (more  or  less  broken)  of  marine  moUusca. 

The  following  section,  in  ascending  order,  was  seen  near  the  village 
of  Ober  Kaufungen.  The  tertiary  beds  here  rest  on  the  Bunter 
Sandstein,  which  constitutes  the  basis  of  the  surrounding  country. 
The  Banter  Sandstein  beds  fall  in  suddenly  under  the  tertiary  beds, 
and  these  also,  near  the  point  of  junction,  tall  in  towards  the  Bunter 
Sandstein. 

1.  Stiff  blue  clay,  containing  numerous  nodules  of  iron-pyrites. 

2.  Loose  incoherent  sand. 

3.  Brown-coal,  8  or  10  feet  thick,  occasionally  separated  into  seve- 

ral seams  by  intervening  beds  of  sand  or  clay. 

4.  Bituminous  shale,  from  which  alum  was  formerly  obtained. 

5.  Various  beds  of  marls  and  clay. 

6.  Fine  white  sand,  with  occasional  bands  or  layers  of  hard  sand- 

stone, grit,  or  quartzite. 

7.  Mottled  clays. 

The  whole  thickness  of  these  beds  is  upwards  of  100  feet,  but  I 
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could  not  obtain  Tery  exact  meaaurements.  A  short  distance  to  the 
S.W.,  a  yellow  clay  with  calcareous  nodules  occurs  near  the  summit 
of  the  hill,  which,  although  containing  no  oreanic  remains,  is  sup- 
posed by  the  miners  and  local  geol(^;ists  to  he  identical  with  the 
beds  near  Cassel  in  which  the  marine  moUusca  have  been  found.  Its 
true  relation  to  the  Brown-coal,  however,  has  not  yet  been  satisfac- 
torily made  out. 

Other  extensive  coal-beds  are  worked  on  the  other  side  of  the 
valley,  E.N.E.  from  Ober  Kaufungen.  Here  the  various  seams  of 
brown-coal  are  seen  alternating  with  beds  of  sand  and  day.  In  the 
sandstone-bed  which  underlies  the  principal  seam  of  brown-coal  are 
found  the  same  vegetable  impressions  as  those  already  described  as 
occurring  in  the  sandstone  under  the  brown-coal  of  the  Habichts  Wald. 
They  are  chiefly  Teueus,  Cypresnu,  and  other  plants  likely  to  grow 
in  vast  subtropical  lagoons,  not  unlike  those  now  found  in  the  vast 
swamps  of  Louisiana.  The  uppermost  beds  consist  of  hard  quartzi- 
ferous  sands,  which  are  sometimes  broken  up  and  cover  the  surface 
with  huge  irregular  blocks. 

Approaching  the  district  where  the  principal  coal-works  are 
carried  on,  we  were  enabled  to  make  out  the  following  section,  in  as- 
cending order. 

1.  Brown-coal,  occasionally  containing  erect  stems  of  trees,  broken 

off  where  the  overlying  beds  commence,  thus  proving  them 
to  have  grown  in  ntu. 

2.  Blue  clay,  with  numerous  Septaria. 

3.  Thin  band  of  limestone. 

4.  Blue  cky,  with  marine  shells;  those  we  found  consisted  prin- 

cipally of — 

NaciUa  margaritacea.  Solen. 

Lyellii  ?  (Deshayesiana  ?).  Tornatella (resembling  T.umuktt), 

Astarte.  Uostellaria  (with  a  broad-winged 
Cytherea.  lip). 

Cyprina.  Turritella. 
Pectunculiu. 

We  found  specimens  of  all  these  in  a  very  short  time. 

5.  Thin  beci  of  highly  fossiliferous  sand,  containing  numerous 

fragments  of  bivalves — Pecten  (resembling  P.  pictus),  Tur- 
ritella, &c. ;    closely  resembling  that  on  the  Habichts  Wald, 
near  Cassel. 
In  one  locality  this  sand  contains  numerous  ferruginous  concretions 
with  the  same  fossil  remains. 

6.  A  thick  bed  of  loose  unfossiliferous  sand,  30  feet'. 

7.  Forming  the  top  or  capping  of  the  hill,  on  the  north  side  of 

the  vflJley,  is  a  thick  bed  of  hard  compact  sandstone,  now 
broken  up  into  laree  irregular  fragments. 
On  this  north  side  of  the  valley,  the  rock  underlying  the  tertiary 
deposits  is  Muschelkalk,  almost  horizontal.  A  small  basaltic  hill 
rises  near  the  centre  of  this  valley-plain.  It  has  not  yet  been  ascer- 
tained whether  the  brown-coal  extends  over  the  whole  of  this  basin, 
but  as  it  has  been  bored  for  and  found  in  several  directions,  the  pro- 
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bability  is  that  it  will  be  found  througbout  the  whole  district  here 
laid  down  as  tertiary  in  Prof.  Schwarzenberg's  map*. 

A  short  distance  forther  westward,  near  the  village  of  Nieder  Kau- 
fungen,  a-very  interesting  section  has  been  lately  exposed,  giving  an 
almost  complete  epitome  of  the  whole  tertiary  series,  resting  imme- 
diately upon  Muschelkalk,  as  follows,  in  ascending  order : — 

1.  Muschelkalk. 

2.  Thin  beds  of  clay,  resting  on  the  Muschelkalk. 

3.  A  thin  seam  of  coal ;  not  very  good. 

4.  Sands,  which  at  a  distance  of  50  or  100  yards  are  found  to 

contain  abundantly  the  same  fossils  as  those  found  in  bed 
No.  5  of  the  former  section. 

We  have  therefore  here  apparently  the  edge  or  coast-line  of  the 
basin  containing  the  shallow  lagoon  m  which  the  coal  was  formed, 
and  which,  on  the  irruption  of  the  sea,  was  covered  up  by  a  marine 
deposit  containing  the  organic  remains  of  a  marine  fauna. 

3.  Sections  at  the  Hirachherg. 

In  the  same  direction  from  Cassel,  viz.  E.S.E.,  but  seven  or  eight 
miles  beyond  Kaufungen,  are  the  extensive  Brown-coal  works  of  the 
Hirschberg,  and  still  further  on,  the  more  extensive  and  better  known 
works  of  &e  Meissner.  I  had  no  opportunity  of  visiting  the  latter, 
but  the  circumstances  under  which  the  Brown-coal  occurs  there  are 
nearly,  if  not  exactly,  similar  to  those  observed  at  the  Hirschberg. 
In  both  cases  a  basaltic  plateau  forms  the  summit  of  the  isolated 
hills,  that  of  the  Meissner  being  the  more  extensive  and  more 
elevated  of  the  two.  The  Brown-coal  beds,  which  with  their  associated 
beds  of  marls  and  clays  rest  upon  the  ridge  of  Muschelkalk  to  the 
north  (which  is  as  it  were  a  prolongation  of  that  near  Kaufungen), 
dip  in  both  cases  at  an  angle  varying  from  10°  to  25°  towards  the 
centre  of  the  hill,  and  partly  even  under  the  basalt. 

At  Ringkuhlen,  near  the  N.£.  foot  of  the  Hirschberg,  Prof. 
Schwarzenberg  of  Cassel  is  principal  proprietor  of  extensive  chemi- 
cal works.  These  were  originally  established  for  the  purpose  of 
obtaining  alum  from  the  bituminous  shales,  which  are  interstratified 
with  the  Brown-coal,  and  were  obtained  in  open  workings.  The 
works  are  now  reorganized  on  account  of  the  facility  of  procuring 
fuel.  The  sulphur  which  is  the  basis  of  most  of  the  operations,  is 
imported  from  Sicily.  Saltpetre  is  also  imported.  Amongst  the 
numerous  chemical  productions  of  the  works,  the  following  appeared 
to  be  the  most  important,  sulphuric  acid,  muriatic  acid,  chloride  of 
lime,  soda,  and  Glauber-salt. 

The  general  section  of  the  formation  here  contains  four  or  five  good 
working  seams  of  coal,  some  of  which  are  30  or  40  feet  tliick.  These 
beds  are  overlaid  by  basalt,  which  rising  up  apparently  through  the 

*  Geog;no8tiBche  Karte  von  Karhessen  und  den  angrenzenden  Landem  zwischen 
Tamnu-,  Harz-  und  Weser-Gebirge,  u.  8.  w.,  von  Adolph  Schwarzenberg  und 
Hdnridi  Reune,  1853. 
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centre  of  the  hill,  has  spread  itself  out  as  a  covering  on  tlie  summit 
(see  fig.  2).  In  the  upper  beds  of  coal  specimens  of  StengelkoU,  or 
columnar  coal,  are  sometimes  found,  evidently  the  result  of  igneous 
action ;  further  from  the  point  of  contact  with  the  basalt,  rednite- 
asphalt  also  occurs,  and  in  the  same  beds  is  found  the  Glance-coal, 
more  resembling  the  Newcastle  coal,  with  a  bright  shining  oonchoidal 
fracture,  and  below  that  again  is  the  ordinary  brown-coal,  with  its 
earthy  structure.  The  following  section,  in  descending  order,  was 
given  me  by  Prof.  Schwarzenberg  : — 

1 .  Basaltic  boulders,  from  the  summit  of  the  Hirschberg. 

2.  Soil. 

3.  Yellow  clay;  120  feet. 

4.  Brown-coal  beds  ;  2  feet. 

5.  Bituminous  clay;  6  feet. 

6.  Brown-coal ;  36  feet. 

7.  Quartzose  sands,  or  bottom  sandstone  ;  78  feet. 

8.  Sand  and  sandy  clay ;  33  feet. 

9.  Brown-coal ;  3  feet. 

10.  Inferior  coal,  called  Schnapp-£rz,  bituminous  and  containing 

iron-pyrites;   15  feet. 

11.  Bituminous  shale  (Leber-erz) ;    18  feet.      It  was  from  these 

beds  that  the  alum  was  formerly  obtained. 

12.  Brown-coal;  15  feet. 

This  last  is  separated  from  the  Muschelkalk  by  intervening  beds  of 
clay,  the  thickness  of  which  was  not  given.  To  the  eastward  of 
Ringkiihlen,  and  still  on  the  northern  slopes  of  the  Hirschberg 
towards  Gross  Almerode,  thick  beds  of  fire-clay,  of  extraordinary 
quality  and  tenacity,  are  developed  in  the  section.  This  clay  is  ex- 
tensively worked,  the  best  being  sent  in  its  natural  state  to  America, 
while  that  of  inferior  quality  is  absorbed  in  the  neighbouring  potters' 
village  of  Gross  Almerode,  in  the  manufacture  of  Dutch-pipes  and 
chemical  crucibles,  which  are  sent  to  all  parts  of  the  world. 

The  following  section,  also  given  me  by  rrof.  Schwarzenberg,  occnrs 
nearly  halfvray  between  Ringkiihlen  and  Gross  Almerode,  in  descend- 
ing order : — 

1.  Yellow  whitish  sand. 

2.  Grey  day. 

3.  Brown-coal  beds. 

4.  Freshwater  beds  of  a  sandy  clay, — PoUrschiefer. 

5.  Clay  shales  and  marl. 

6.  Variegated  mottled  clays. 

7.  Calcareous  nodules ;  2  feet. 

8.  Calcareous  clay  shales,  with  petrifactions. 

9.  Grey  clay. 

10.  Mottled  days. 

1 1 .  Compact  argillaceous  sand ;  2  feet. 

12.  Quick  sand. 

1 3.  Fire  or  glass-furnace  clay, — ^pipe-clay ;  40  feet. 

14.  Brown-coal  beds. 
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15.  Grey  saponaceous  clay. 

16.  Brown-coal  beds  (thin). 

17.  Grey  day. 

18.  Muschelkalk. 

The  peculiar  feature  of  this  section  is  the  occurrence  of  two  thin 
beds  containing  freshwater  shells  above  the  second  coal-bed.  They 
are  chiefly  found  in  a  fine,  unctuous,  nearly  white  clay,  above  the 
fire-day,  and  consist  prindpally  of  one,  if  not  more  spedes  of  Palu' 
dina  or  Bithynia,  a  small  Planorbis,  and  one  or  two  species  of  small 
biTalves  belonging  to  the  genus  Cyclas  or  Cyrena.  At  least  these 
were  all  which  the  rainy  and  muddy  state  of  the  weather  allowed  us 
to  obtain. 

The  whole  Brown-coal  formation  of  the  Hirschberg,  with  its  asso- 
ciated clays,  and  probably  that  of  the  Meissner,  thus  appears  to  have 
been  a  freshwater  basin  or  lagoon,  surrounded  by  Banter  Sandstein, 
with  a  ridge  or  reef  of  Muschelkalk  passing  through  the  centre. 

Here  a&)  I  was  struck,  as  on  the  Habichts  Wald,  with  the  ap- 
parently anomalous  fact  of  the  coal-measures  dipping  towards  and 
under  the  basaltic  nucleus  of  the  hill,  although  in  both  cases  the 
basalt  must  be  of  a  subsequent  date,  and  in  its  elevation  or  protrusion 
might  have  been  expected  to  give  the  coal-beds  a  contrary  or  qua- 
quaversal  inclination.  From  the  numerous  cases  in  which  the  same 
phsenomenon  occurs,  I  was  anxious  to  ascertain  a  probable  cause  of 
this  appearance :  several  explanations  suggested  themselves  to  me, 
bat  they  would  not  stand  the  test  of  inquiry,  until  a  hint  from  our 
fonner  President,  Mr.  William  Hopkins,  our  best  authority  in  dyna- 
mical geology,  suggested  an  explanation,  which,  if  not  the  sole  cause, 
must  be  admitted  as  one  of  the  most  likely  partial  causes  of  this 
appearance. 

The  Brown-coal  beds  of  the  north  of  Crermany  have  evidently  been 
subjected  to  a  very  considerable  amount  of  alternate  elevation  and 
depression  accompanied  by  lateral  pressure.  The  consequence  of  this 
has  been,  where  they  have  not  been  completely  broken  ofP,  to  cause 
a  great  amount  of  undulation  in  the  beds  themselves.  Where  this 
took  place,  the  natural  result  would  be  to  cause  fissures  or  openings 
through  the  bed  either  from  above  or  from  below,  accordingly  as  the 
bed  has  been  raised  upwards  into  a  saddle,  or  depressed  downwards 
into  a  trough.     See  fig.  2,  p.  134. 

In  the  accompanying  diagram,  fig.  2,  if  the  undulation  of  the  beds 
be  caused  by  lateral  pressure,  a  fissure  would  naturally  take  place  at 
hy  in  the  lower  part  of  the  strata,  and  at  a  in  the  upper  part.  When 
at  a  subsequent  period  the  basaltic  outburst  took  place,  the  fissure  h 
at  once  afforded  an  easy  outlet  for  the  liquid  matter  which  then 
filled. up  the  hollow  c  d.  This  may  have  taken  place  when  the 
whole  region  was  under  water.  When  the  action  of  tidal  waves 
or  other  atmospheric  causes  afterwards  denuded  the  surrounding 
country,  the  basaltic  capping  protected  the  underlying  beds,  and,  as 
the  other  portions  have  gradually  wasted  away  as  far  as  the  line  c  e, 
there  would  remain  only  the  hill  with  its  basaltic  capping,  e  d,  and 
the  Brown-coal  beds  cropping  out  at  /on  th«  slope  c  e,  and  dipping 
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Fig.  2.— Ideal  Section  of  the  Hirtchherg. 


a.  Ideal  fonlt  and  frwrture.  e.  Muschelkmlk.  e'.  Banter 

b,  e,  d.  Baaalt.  /.  Tertiary  bed*  and  Brown-coal. 

away  under  the  basalt.  And  that  is  precisely  the  appearance  which 
the  Hirschberg  now  presents  to  us.  It  is  a  remarkable  feet,  in  con* 
firmation  of  this  theory,  that  a  small  Brown-coal  deposit  was  pointed 
out  high  up  on  the  hills  on  the  N.  or  N.E.  side  of  the  valley.  I  did 
not  visit  it,  and  its  important  bearing  on  this  question  did  not  then 
occur  to  me. 

Another  feature  in  both  of  these  sections  is  also  worthy  of  notice^ 
as  differing  from  other  localities  where  the  Brown-coal  occurs,  vis. 
the  total  absence  of  a  marine  fauna  in  the  beds  above  the  day.  In 
most  of  the  other  localities  the  marine  bed  is  regularly  superposed. 
From  its'absence  here,  we  must  conclude  that  this,  as  well  as  some 
of  the  other  freshwater  lagoons  and  swamps  where  the  plants  grew, 
from  the  decay  of  which  the  Brown- coal  was  formed,  were  situated 
at  a  so  much  higher  level  than  the  others,  that  they  escaped  being 
submerged  when  the  irruption  of  the  oceanic  waters  took  place. 

I  cannot  quit  this  neighbourhood  of  Gross  Almerode  without 
alluding  to  a  remarkable  hill  of  burnt  clay,  which  occurs  about  half 
a  mile  to  the  south  of  the  village.  Here  on  the  summit  of  a  ridge 
is  an  isolated  basaltic  outburst  between  the  Hirschberg  and  the 
Meissner,  but  nearer  the  latter.  At  no  great  distance  from  it  is  a 
vast  mound  or  hillock  of  a  burnt  stone,  which  is  neither  more  nor  leas 
than  the  beds  of  tertiary  clays  metamorphosed  into  Jasper  or  Then- 
jaspis.  This  jasper  varies  greatly,  not  only  in  colour,  but  in  struc- 
ture ;  in  places  having  an  earthy  conchoidal  structure,  and  in  others, 
one  almost  vitreous.  There  is  a  great  diversity  of  opinion  among 
local  geologists  as  to  its  origin,  some  referring  it  to  a  true  geolo- 
gical cause,  others  considering  it  as  recent,  and  occasioned  by  the 
burmng  of  the  bituminous  shale  or  Leber-Erz. 

Loc»ldng  at  the  spot  afterwards  from  a  distance,  its  form  was 
distinctly  seen  as  rising  above  the  surrounding  ground,  and  re- 
sembUng  the  crater  of  a  volcano.  I  have  httle  doubt  myself  that 
the  ^®^^*°^°T>^8m  has  been  produced  by  geological  causes,  probably 
lilcplv  if^!u  ^^**^^  g*^  "^°^  ^elow ;  this  is  rendered  the  more 
^^^y  by  the  vicinity  of  the  basaltic  outburst.     But  whatever  the 
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I  of  the  burning  may  haye  been,  there  can  be  no  doubt  that  the 
swelling  out  of  the  whole  mass  has  been  caused  bj  the  expansion  of 
the  day  on  being  converted  into  jasper.  Moreover  it  contains  nu^ 
merous  cavities,  fissures,  and  cracks,  and  is  spUt  up  in  every  direction, 
80  as  to  occupy  more  space  than  before  the  change  took  place. 

Another  looility  which  we  visited  in  the  vicinity  of  Hesse  Cassel, 
and  where  marine  tertiary  sheUs  also  occur,  is  a  small  hollow  between 
Cassel  and  Munden,  near  the  village  of  Landwehrhagen.  Numerous 
day-pits  were  formerly  opened  here,  and  fossils  were  abundant ;  but 
we  only  found  a  few  broken  fragments  in  the  thrown  out  heaps. 
These  were  chiefly  bivalves ;  we  recognized  three  or  four  species,  viz. 
a  Cardiumy  Cyprina,  Cytherea^  and  perhaps  Pectuneulus,  enough  to 
show  the  marine  nature  of  the  water  in  which  the  clay  was  deposited. 
This  was  overlaid  by  yellow  marls,  gradually  passing  upwards  into 
hie  yellow  sand,  but  as  far  as  we  could  see,  quite  uniossiliferous. 
This  is  exactly  the  same  as  occurs  in  the  vicinity  of  Cassel,  where 
the  shelly  marls  and  clays  are  overlaid  by  sandy  beds.  The  same 
formation  also  occurs  in  the  section  near  Kaufiingen,  where  the  clays 
with  marine  shells  are  overlaid  by  yellow  sands ;  in  the  latter  case, 
however,  the  sands  are  fossiliferous. 

II.  Tertiary  Beds  of  Westeregeln  near  MAODEBtiRG. 

I  have  already  alluded  to  and  explained  the  error  I  was  led  into 
m  a  former  communication  respecting  these  deposits.  I  had  in- 
tended visiting  the  locality  during  the  past  autumn,  but  was  de- 
terred from  doing  so,  in  consequeuce  of  having  received  information 
that  the  beds  in  question  were  no  longer  open  or  visible.  I  shall 
therefore  only  briefly  state  what  I  have  learnt  respecting  their  posi- 
tion. The  fossils  in  question,  a  partial  list  of  which  is  given  in  a 
former  paper*,  are  found  in  a  bed  of  fine  greenish  sand  (Glauconite- 
Sand),  of  no  very  great  thickness,  irregularly  covering  up  an  exten- 
siTe  and  valuable  seam  of  Brown-coal,  which  is  worked  in  the  neigh- 
bourhood of  Magdebui^  and  Westeregeln.  In  working  the  coal- 
beds,  these  sands  are  cleared  away,  and  thus  the  fossils  have  been 
obtained.  These  sands,  however,  do  not  occur  over  that  portion  of 
the  Brown-coal  bed  which  is  now  being  worked,  and  hence  the  im- 
possibility of  obtaining  fossils ;  but  it  is  probable  that  they  will  be 
rmet  with.  The  Brown-coal  itself  rests  generally  on  a  bed  of 
day,  which  lies  immediately  on  Bimter-sandstein  or  Muschel- 
kalk. 

These  Westeregeln  sands  appear,  from  all  accounts,  to  be  the 
oldest  fossiliferous  beds  in  Northern  Germany.  How  far  they  extend 
has  not  yet  been  fuUy  ascertained.  The  next  overlying  fossiliferous 
formation  of  Northern  Germany  is  the  Septaria-clay  of  Berlin,  which 
now  appears,  from  Prof.  Beyrich's  report,  to  have  been  found  over  a 
considerable  tract  of  country,  comprising  the  whole  of  Brandenburg 
and  a  large  extent  of  territory  to  the  west,  inasmuch  as  the  concre- 
tionary nodules  of  Sternberg  contain  the  same  fossils  as  the  Septaria- 
*  See  Quarterly  Joamal  Geol.  Soc.  toI.  z.  p.  292. 
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clay,  and  must  consequently  be  referred  to  the  same  age.  It  is  alao 
found  in  the  neighbourhood  of  Stettin,  Oldenburg,  Lunebui^  and 
other  places.  Other  tertiary  beds  also  occur  forther  north  towards 
Hamburg,  Schleswig  Holstein,  &c.,  which  are,  however,  referred  to 
a  more  recent  period.  They  are  alluded  to  by  Prof.  Bevrich  in  his 
work  on  the  tertiary  shells  of  the  North  of  Germany.  Tke  only  two 
beds  to  which  I  wish  to  call  the  attention  of  the  Society  at  present 
are  the  Westeregeln  or  Magdeburg  sands,  and  the  Septaria-day  of 
Berlin.  These  two  beds  belong  to  one  system,  and  are  particularly 
interestmg  as  being  the  beds  which  have  been  shown  by  the  German 
geologists  to  have  the  greatest  resemblance  to  those  of  Hesse  Caasel 
and  of  Weinheim,  as  well  as  to  those  beds  of  Belgium  with  which 
the  sands  of  Weinheim  have  been  paralleled. 

One  feature  in  the  Section  of  the  Westeregeln  or  Magdeburg  sands 
deserves  particular  attention,  and  it  is  the  more  remarkable  inasmuch 
as  it  is  in  some  respects  at  variance  with  what  we  know  respecting 
the  sands  of  Weinheim ;  while  on  the  other  hand  it  confirms  some  of 
the  views  which  I  have  stated  respecting  that  formation.  The  Marine 
sands  of  Westeregeln  overHe  the  Brown-coal  beds,  thus  showing  the 
anterior  existence  of  a  freshwater  or  terrestrial  tertiary  period;  whereas 
at  Weinheim  and  in  the  Mayence  basin  the  Marine  tertiary  sands 
repose  at  once,  as  far  as  our  present  information  goes,  on  the  under- 
lying Carboniferous  or  Bothe-todte-liegende  formation.  It  is  true  that 
these  lowest  beds  of  tertiary  sand,  when  we  approach  the  margin  of 
the  basin  (where  alone  they  are  seen  reposing  on  the  red  sandstones), 
are  non-fossiliferous  ;  and,  being  evidently  derived  from  the  disinte- 
gration of  the  older  rocks,  cannot  be  assumed  as  proving  with  abso- 
lute certainty  the  non-existence  of  older  tertiary  beds  nearer  the 
centre  of  the  basin.  All  that  we  can  say  at  present  is,  that  none 
such  have  been  discovered. 

III.  The  Relative  Age  of  the  Tertiary  Beds  of  Northern 

Germany. 

There  are  three  distinct  localities  to  which  I  intend  referring  in 
the  following  observations,  viz.  :  1 .  The  Mayence  basin,  and  parti- 
cularly the  Marine  sands  of  Weinheim.  2.  The  Marine  beds  of 
Hesse  Cassel,  Biinde,  &c.  3.  The  sands  of  Westeregebi  and  of 
Magdeburg. 

Philippi,  in  his  notice  of  the  tertiary  fossils  of  the  north-west  of 
Germany*,  gives  the  lists  of  fossils  from  three  different  localities 
belonging  to  the  same  epoch.  1.  Cassel ;  2.  Freden  and  Diekholz; 
and  3.  Luithorst.  The  results  at  which  he  has  arrived  are  the  same 
with  respect  to  all  these  localities,  viz.  that  the  fossils  in  question 
have  the  greatest  number  of  species  identical  with  the  Subapennine 
formation  ;  and  the  next  greatest  number  identical  with  living  species. 
He  has  made  no  comparison  between  the  German  and  the  Belgian 
formations,  nor  had  he  any  opportunity  of  comparing  the  Cassel 

*  Beitrage  zur  Kenntniss.    Cassel,  1844. 
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beds  either  ifith  those  of  Mayence  to  the  south,  or  ifith  those  of 
Magdeburg  and  Westeregeln  to  the  north,  or  rather  N.E. 

Dr.  F.  Sandbei^er,  in  his  work  already  quoted  on  the  geological 
position  of  the  Mayence  tertiary  basin,  has  identified  the  Weinheim 
tertiaries  with  the  Limburg  beds  of  Belgium  ;  and  more  particularly 
has  he  identified  the  Weinheim  sands  with  the  Middle  Limburg  beds, 
and  the  overlying  Cyrena-marls  with  the  Upper  Limburg.  Then, 
adopting  Philippi's  view  respecting  the  age  of  the  Cassel  beds,— viz. 
that  they  belong  to  the  Subapennine  formation^  Dr.  Sandberger 
places  them  considerably  above  the  Weinheim  beds.  And  with 
regard  to  the  formations  of  Northern  Germany,  he  considers  the 
sands  of  Magdeburg  and  Westeregeln  as  of  the  same  age  as  the  Wein- 
heim sands ;  and  the  overlying  Septaria-clay  of  Celle,  Bertin,  and 
Mecklenburg;  as  of  the  same  age  as  the  Cyrena-marls  of  the  Mayence 
basin  (loc,  cit.  p.  79). 

Prof.  Beyrich,  in  his  last  work  on  the  fossils  of  the  tertiary  forma- 
tions of  the  North  of  Germany,  published  in  the  JoumiJ  of  the 
German  Geological  Society*,  states  that  in  his  opinion  the  oldest 
North  German  tertiary  formation,  viz.  that  of  the  sands  of  Weste- 
regeln and  Magdeburg,  belongs  to  the  Lethen  formation  of  Belgium, 
which  is  placed  by  Sir  C.  Lyell  as  the  lowest  member  of  the  Middle 
Limburg  series  f,  although  Prof.  Beyrich  considers  it  as  the  lower 
Tongrian  system,  which  properly  belongs  to  the  Lower  Limburg 
series.  The  next  youngest  formation  in  North  Germany,  according 
to  Prof.  Beyrich,  is  the  Septaria-clay  of  Brandenburg,  Berlin,  &c., 
which  he  identifies  with  the  Belgian  formations  of  Boom,  Baesele, 
and  other  places  south  of  Antwerp.  These  form,  according  to 
Dnmont's  classification,  a  part  of  the  System  of  Rupelmonde  {Systhne 
RupSlien)y  constituting  the  Upper  Limburg  beds  of  Sir  C.  Lyell. 
Prof.  Beyrich  also  observes  that  it  is  as  yet  uncertain  whether  there 
exist  in  Northern  Germany  any  beds  exactly  corresponding  with 
those  which  Dumont  has  placed  between  the  Rupelmonde  and  the 
liCthen  beds, — in  other  words,  with  the  Middle  Limburg  beds  :  this 
he  considers  an  important  point,  inasmuch  as  this  is  the  Belgian 
deposit  which  has  the  greatest  analogy  vrith  the  Mayence  basin. 

Having  thus  given  the  views  of  the  German  geologists  who  have 
principally  occupied  themselves  with  this  question,  I  proceed  to 
make  a  few  observations  on  this  question  of  relatiye  age. 

It  is  a  somewhat  remarkable  circumstance,  that  the  marine  depo- 
sits in  the  three  localities  above  alluded  to  have  such  a  small  hori- 
zontal and  even  vertical  development,  apparently  belonging  in  each 
case  to  such  a  short  geological  period  ;  and  it  has  struck  me  as  in  the 
highest  d^ree  improbable  that  these  three  formations,  situated  at  no 
considerable  distance  from  each  other,  showing  no  evidence  of  super- 
position, and  containing  a  certain  number  of  organic  remains  in 
common,  should  be  referred  to  three  different  periods.  Begmning 
with  the  most  southern  formation,  we  have  the  Weinheim  beds  re- 
ferred to  the  Middle  Limburg ;  the  next  nearest  beds,  of  Cassel,  are 

*  Zdtschrift  der  Deutschen  Geol.  Gesellschaft,  vol.  v.  p.  277. 
t  Quart.  Joum.  Geol.  Soc.  vol.  viii.  p.  307. 
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referred  to  the  Sabapennine  formation  (idthough  here  I  am  bomid 
to  say  that  Prof.  Beyiich  is  distinctly  of  opinion  that  these  beds  hare 
been  placed  too  high  by  Philippi) ;  and  then  we  come  to  the  sands  of 
Magdeburg,  which  are  referred  to  the  Lower  Limburg,  or  even  to  the 
Barton  clay ;  while  the  overlying  Septaria-clays  are  referred  to  the 
Rupelmonde  system.  There  can  be  no  doubt  that  Philippi,  in  his 
endeavours  to  point  out  the  errors  of  his  predecessors  in  referring 
the  marls  and  sands  of  Cassel  to  the  Plastic  clay  and  the  Calcuie 
grossier  respectively,  greatly  overshot  his  mark  and  placed  these 
beds  too  high. 

The  following  is  the  list  of  fossils  which  appear  to  be  common  to 
the  Hesse  Cassel  and  Weinheim  beds.  A  more  complete  list  of 
synonyms  would  undoubtedly  have  enabled  me  to  extend  it;  but, 
even  as  it  stands,  it  marks  a  great  resemblance  between  the  two 
formations. 

List  of  Fossils  common  to  the  Hesse  Cassel  and  Weinheim  Tertiary 

Deposits. 

Panopaea  intermedia,  Sow,  Pecten  BtriatoB,  MSmt.  Sf  Goklf, 

Corbula  striata,  Lam.  Eulima  subnlata,  Rtuo. 

Cyprina  rotundata,  Brmm.  Scalaria  rudis,  PkU. 

Cardite  scalarisi  GoU^.  pttsilla,  PkU. 

Cardium  turgidum,  Brander,  Cerithiom  lima,  Brug. 

Area  diluvii,  Lam.  Tritoniam  aigntum,  Brand. 

Pectuncalus  crassus,  PhiL  Pleurotoma  belgicum,  Gol^f- 

Nucula  margaritacea,  Lam.  Cassidaria  depressa,  o.  Buck. 

-«—  placentina,  Lam.  Cyprea  illflaU^  Lam. 

minuta,  D^.  Bulla  coociniia.  Wood. 

Modiola  micans,  Braun.  Lamna  denticulata,  Jff. 

Pecten  decussatas,  Mvnst.  ^r  €rol4f.  Notidanos  primigenins,  Ag. 

At  page  293  of  my  former  communication*  I  have  given  a  very 
imperfect  list  of  the  fossils  found  in  the  Glauconite-Sanda  of  Westere- 
geln ;  imperfect,  because  it  only  contains  the  names  of  eighty-seven 
species,  whereas  I  am  informed  that  the  total  number  of  species  found 
in  that  locality  amounts  to  three  or  four  times  that  number ;  and  yet 
that  imperfect  list  contains  twenty-five  species  common  to  the  Wein- 
heim and  Westeregeln  formations. 

The  resemblance  between  the  Hesse  Cassel  and  the  Westeregeb 
beds,  however,  is  by  no  means  so  great.  In  the  lists  which  I  have 
had  an  opportunity  of  consulting  I  do  not  find  more  than  five  or  six 
species  common  to  the  two  formations. 

I  have  already  mentioned  that,  according  to  the  views  of  Pro- 
fessor Beyrich,  there  are  two  distinct  formations  belonging  to  this 
period  in  the  north  of  Germany,  viz.  the  Sands  of  Wester^eln,  and 
the  Septaria-clay  of  Brandenburg,  Berlin,  &c.  I  am  not  aware  that 
any  evidence  has  yet  been  discovered  of  an  intermediate  bed  of  sepa- 
ration, or  even  of  the  distinct  superposition  of  the  Septaria-clay  over 
the  Sands  of  Westere^ln.  The  evidence  of  such  distinction  depends 
mainly  on  their  fossil  contents;  but,  even  admitting  the  super- 
position, the  change  of  sedimentary  deposit  in  which  the  fossils  occur, 
from  a  Glauconite-sand  to  a  blue  clay  or  marl  containing  Septaria, 
*  Quart.  Joum.  Geol.  Soc.  No.  39. 
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would  by  altering  the  conditions  of  life  be  sufficient  to  cause  a  con- 
siderable modification  in  the  organic  remains,  without  referring  the 
beds  to  distinct  epochs.  I  haye  also  stated  that  Prof.  Sandberger 
identifies  the  Westeregeln  Sands  with  the  Weinheim  Sands,  and  the 
Septaria-clay  of  Brandenburg  with  the  Lower  Cyrena-marl  of  the 
Majence  basin.  Now  this  Cyrena-marl  contains  a  ^at  admixture 
of  brackish-water  forms,-  while  nothing  of  the  kind  is  found  in  the 
Septaria-clay  of  the  north  of  Germany.  The  change  in  the  Mayence 
basin  is  a  purely  local  one ;  and  there  is,  therefore,  no  evidence  of  its 
being  contemporaneous  with  the  Septaria-clay.  It  Lb  true  the  Cyrena- 
marl  overlies  the  Weinheim  Sands,  as  the  Septariarclay  overUes  the 
Westeregeln  Sands ;  but  that  is  no  proof  of  identity  of  time,  the 
changes  in  the  two  localities  not  being  owing  to  the  same  causes ; 
and  Prof.  Sandbei^r  has  himself  shown,  in  the  lists  which  he  has 
published  (op.  eit.  p.  67)>  that  the  Marine  Fauna  of  the  Cyrena- 
marl  has  the  greatest  affinity  with  that  of  the  Middle  Limburg 
formation,  the  very  same  Belgian  bed  with  which  he  had  already 
identified  the  Wemheim  SandB.  I  am  therefore  disposed  to  look 
upon  the  whole  marine  fauna  of  the  Mayence  basin  as  referable  to 
one  period,  viz.  the  Middle  Limburg,  locally  modified  in  its  upper 
portion  by  the  introduction  of  vast  bodies  of  fresh  water,  or  by  its 
gradual  separation  from  oceanic  influence,  by  which  the  waters  be- 
came brackish,  and  its  organic  contents  more  and  more  modified, 
until  at  length  all  traces  of  marine  or  brackish-water  fauna  disap- 
peared. 

With  regard  to  the  Cassel  marine  beds,  I  consider  them  as  forming 
a  portion  of  the  same  marine  deposit,  and  constituting  a  link  in  that 
connection  which  must  have  existed  between  the  Mayence  basin  and 
the  Northern  Ocean.  Here  again  we  find  two  petrographicaUy 
distinct  beds,  viz.  blue  clay  or  marl  and  shelly  sands ;  but  in  this 
case  the  mark  underlie  the  sands.  In  one  locality,  near  Ober  Kau- 
fimgen,  Septaria  are  abundant  in  the  blue  clays ;  in  others  they  are 
wanting.  In  this  locality  the  overlying  sands  are  full  of  marine  shells, 
while  near  Landwehrhagen  the  sands  which  overHe  the  blue  marl 
containing  marine  sheik,  are  entirely  devoid  of  organic  remains. 
These  are  evidently  mere  local  differences,  such  as  may  be  observed 
on  any  coast  at  the  present  day. 

It  is  also  worthy  of  notice  that  the  marine  beds  in  the  neighbour- 
hood of  Cassel  are  of  no  great  thickness.  This  was  no  doubt  owing 
to  the  eartier  upheaval  of  the  underlying  secondary  formations  (pre- 
ceding the  volcanic  outbursts),  which  were  ultimately  raised  to  an 
elevation  of  more  than  1000  feet  above  the  sea,  north  of  Cassel. 
This  upheaval  cut  off  all  communication  with  the  northern  Ocean, 
and  confined  the  waters  to  the  Mayence  basin,  thereby  exposing 
them  to  the  influence  of  .the  freshwater  rivers,  and  producing  that 
brackish-water  condition  which  we  have  already  noticed. 

In  the  great  district  which  forms  the  low  undukting  lands  of  the 
north  of  Germany,  to  the  north  of  the  Hartz  and  of  the  other  moun- 
tain ranges  which  extend  towards  the  Weser  Bergland,  and  thence  to 
the  Haarstrang  on  the  Ruhr,  east  of  Cologne,  the  marine  condition 
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of  things  having  prohably  begun  earlier,  as  shown  in  the  Westercgcln 
Sands,  lasted  somewhat  longer,  until  this  region  (also  undergoing  the 
influence  of  the  elevatory  action,  though  in  a  smaller  degree)  was 
likewise  raised  above  the  level  of  the  sea,  and  became  covered  with  a 
low  swampy  v^tation,  the  decay  of  which  produced  the  overlying 
brown-coid  deposits  of  Brandenburg  and  Prussia. 

I  stated  in  my  former  paper  {loc.dt,  p.  288),  that  I  could  not  admit 
the  hypothesis  of  theMayence  basin  having  been  an  insulated  inland  salt 
lake  without  communication  with  the  northern  ocean.  I  endeavoured 
very  imperfectly,  not  being  acquainted  with  the  geological  features  of 
the  neighbourhood  of  Cassel  and  other  places,  to  show  that  some  com- 
munication with  the  Northern  ocean,  round  the  eastern  flanks  of  the 
Taunus,  must  have  existed,  and  that  the  subsequent  closing  up  of 
this  northern  channel  might  have  been  brought  about  by  the  elevation 
of  the  Vogelsgebirge  (erroneously  stated  Fichtelgebirge  in  my  former 
paper,  /.  c.  p.  294),  or  by  other  basaltic  outbursts.  A  more  accu- 
rate knowledge  of  the  geology  of  Uesse  Cassel  convinces  me  of  the 
great  probabHity  of  this  opinion.  A  hue  of  volcanic  outbursts,  per- 
forating the  surface  in  a  thousand  spots,  extends  from  the  neigh- 
bourhood of  Frankfort  and  of  Hanau,  considerably  to  the  north  of 
Cassel,  elevating  the  stratified  beds  to  a  considerable  height,  and 
thus  causing  a  complete  barrier  to  the  connection  between  the 
Northern  Ocean  and  the  waters  of  the  Mayence  basin.  These  ter- 
tiary deposits  are  now  consequently  found  in  some  places  at  an 
elevation  of  1000  feet  above  the  sea,  as  near  Dransfeld ;  and,  judging 
from  the  configuration  of  the  country  and  the  elevation  of  the  Bunter 
Sandstein,  they  were  probably  raised  to  a  still  greater  heieht,  although 
almost  entirely  removed  by  subsequent  denudation ;  wnile  in  other 
places  they  are  found  at  a  much  lower  level.  Indeed  the  same 
argument  will  apply  on  a  large  scale  to  these  volcanic  outbursts  and 
to  the  elevation  of  the  Bimter-Sandstein,  north  of  Cassel,  which  I 
have  already  used  respecting  the  outbursts  of  the  basaltic  plateau  of 
the  Hirschberg  and  the  surrounding  district  (see  fig.  2,  p.  134). 

We  have  here  an  instance  on  a  large  scale,  and  accompanied  by 
the  same  results,  of  the  phaenomenon  already  alluded  to  respecting 
the  position  of  the  basaltic  plateaux  of  the  Hirschberg,  Meissner,  and 
other  places.  I  showed  how  the  occurrence  of  these  basaltic  rocks 
in  their  present  positions  was  owing  to  the  molten  matter  having 
been  forced  up  through  the  crevices  in  the  troughs  of  the  undulations 
into  which  the  secondary  formations  had  been  thrown.  Now  the 
Bunter-Sandstein,  north  of  Cassel,  rises  to  a  considerable  elevation, 
in  some  places  as  much  as  1000  feet  above  the  sea,  whilst  between 
Cassel  and  Frankfort  its  elevation  is  comparatively  slight.  We  may 
therefore  consider  the  portion  to  the  north  of  Cassel  as  representing 
on  a  large  scale  the  anticlinal,  while  that  to  the  south  represents  the 
synclinal  portion  of  a  vast  undulation.  This  is  confirmed  by  the  dip 
of  the  Bunter-Sandstein,  north  of  Cassel,  which  is  to  the  south, 
dipping  under  the  Muschelkalk  between  Cassel  and  Wilhelmshohc. 
When  the  basalts  subsequently  burst  forth,  they  fqund  a  readier 
passage  through  the  lower  or  'synclinal  portion,  than  through  the 
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anticlinal,  and  we  consequently  find  the  whole  country  between  Frank- 
fort-on-Main  and  Cassel  studded  with  basaltic  outbursts,  whilst  to 
the  north  they  are  comparatively  scarce,  and  ultimately  north  of 
Grottingen  and  Miinden  cease  altogether. 

To  repeat  then  briefly  the  epochs  and  pheenomena  above  described, 
we  find  the  first  evidence  of  tertiary  deposits  in  North  Germany  in 
the  brown-coal  and  its  associated  underclays  of  Magdeburg.  During 
the  earher  tertiary  periods,  the  whole  of  Germany  appears  to  have 
been  dry  land.  At  the  same  time,  or  at  the  termination  of  this  pe- 
riod, a  vast  swampy  region,  covered  with  a  semitropical  vegetation, 
stretched  along  the  base  of  the  mountains  of  Grermany,  from  Silesia 
and  the  confines  of  Poland  to  near  the  Eocene  Ocean,  which  occupied 
thofie  portions  of  Holland  and  of  Belgium  where  its  fauna  has  been 
preserved.  A  gradual  subsidence  took  place,  possibly  contempora- 
neous with  the  period  when  the  accumulations  of  Flyseh  or  Molasse 
were  being  deposited,  also  in  a  gradually  sinking  sea-bottom  on  the 
northern  flanks  of  the  Alps.  This  swampy  vegetation  was  then  sub- 
merged beneath  the  ocean,  and  was  being  converted  into  Brown-coal, 
while  a  marine  fauna  was  introduced,  and  lived  and  perished  in  the 
waters  above.  This  great  change,  I  am  inclined  to  think,  marks  the 
hmits  of  the  Eocene  and  Miocene  periods,  as  far  at  least  as  this  part 
of  the  earth's  surface  is  concerned ;  for  I  have  already  admitted  that 
we  must  not  attempt  to  introduce  such  a  strict  procrustean  rule  as  to 
assert  that  the  limits  of  these  periods  (if  we  choose  to  adopt  them) 
must  be  absolutely  applied  to  the  same  epoch  in  all  districts. 

The  oceanic  waters,  thus  admitted  over  a  portion  of  Northern 
Germany,  penetrated  between  the  mountains  of  the  Hartz  and  the 
Weser  Gebirge,  round  the  eastern  flanks  of  the  Westerwald  and  the 
Tannus,  and  along  that  deflexion  through  which  the  Upper  Rhine 
now  flows,  until  they  reached  those  portions  of  the  southern  or 
Alpine  ocean  in  which  the  Flyseh  and  Nagelflue,  and  perhaps  the 
Older  Molasse,  were  deposited. 

During  the  period  of  this  connection,  the  Marine-sands  of  Wein- 
heim  were  deposited,  until  the  subsequent  oscillation  of  the  land  first 
cut  off  the  communication  with  the  Southern  Ocean,  and  subse- 
quently, by  the  elevation  of  the  Muschelkalk  and  Bunter-Sandstein, 
in  th^  north  of  Grermany,  raised  a  permanent  barrier  between  the 
Mayence  basin  and  the  North  German  Ocean.  This  separation  was 
subsequently  confirmed  by  the  numerous  volcanic  outbursts  which 
have  penetrated  the  whole  surface  of  the  country,  from  the  banks  of 
the  Main  near  Frankfort,  Hanau,  and  the  Vogelsgebirg,  northwards, 
to  the  region  of  Gdttingen  and  Miinden. 

After  this  a  period  intervened,  when  in  the  northern  plains  of 
Grermany,  a  swampy  district,  with  a  luxuriant  vegetation,  stretched 
along  the  mountain  coast,  covering  up  the  marine  formation  of  the 
Septaria  clay,  and  giving  rise  to  that  upper  Brown-coal  formation 
which  is  now  so  extensively  worked  in  Mark  Brandenburg  and  the 
coimtry  about  Frankfort  on  the  Oder,  extending  to  the  frontiers  of 
Silesia  and  of  Posen.  Thus  those  formations  which  we  have  endea- 
voured to  identify  with  the  Middle  limburg  of  Belgium  are  confined 
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between  the  extensiTe  Brown-coal  deposits  which  (notwithstanding 
the  ingenious  hypothesis  of  a  German  author*,  who  attempts  to 
show  how  these  vast  accumulationB  of  vegetable  matter  were  depo- 
sited in  the  sea)  I  am  disposed  to  consider  as  formed  on  the  spot 
where  the  plants  originally  grew,  and  consequently  as  a  freshwater 
formation,  raised  perhaps  only  s%htlj  above  the  level  of  the  ocean, 
hke  the  now  existing  cypress-swamps  of  Louisiana  or  the  turf-mosses 
of  more  northern  regions. 

Brown-Coal  Deposits. — I  am  thus  led,  before  concluding  these 
remarks,  to  add  a  few  words  respecting  the  various  deposits  of  Brown- 
coal  in  ihe  north  of  Grermany,  which  are  connected  with  the  tertiary 
formations  here  alluded  to.  I  am  aware  that  there  are  many  other 
deposits  deserving  notice,  but  this  subject  is  too  extensive  to  be  fully 
considered  at  present.  It  is  true  that  independently  these  Brown- 
coal  deposits  are  not  in  themselves  so  conclusive  as  to  geological 
epochs,  in  consequence  of  their  not  being  necessarily  so  intimately 
connected  with  each  other  as  is  the  case  with  true  marine  deposits. 
Still,  when  we  can  ascertain  their  age  relatively  to  marine  beds,  we 
af e  enabled  to  come  to  some  conclusion  respecting  their  successive 
ages. 

Brown-coal  deposits  occur  in  all  the  three  distinct  localities  to 
which  we  have  alluded  in  this  paper,  viz. — 1.  In  the  Mayence  basin 
are  two  distinct  deposits ;  first,  between  the  true  Marine-Sands  of 
Weinheim  and  the  overlying  Cerithium  and  Littorinella  limestones^ 
and  secondly,  between  the  littorinella  limestone  and  the  leaf-beaiing 
sandstone.  2.  In  the  Hesse  Cassel  deposit  the  great  Brown-coal 
beds  underlie  the  Marine  Fauna.  And  3.  In  the  plains  of  the  north 
of  Germany  there  are  again  two  distinct  Brown-coal  deposits ;  first, 
under  the  Westeregeln  Sands  near  Magdeburg ;  and  secondly,  above 
the  Septaria-clay  of  the  Mark  Brandenbni^.  Of  these,  the  bed 
which  underlies  the  Westeregeln  Sands  is  unquestionably  the  oldest 
That  of  Brandenbui^  may  be  contemporaneous  with  one  of  the 
Mayence  basin  deposits ;  but  there  is  no  direct  evidence  of  the  fact. 
We  have  thus  Brown-coal  deposits  of  at  least  three,  if  not  four,  di- 
stinct periods.  That  of  Cassel  is  probably  contemporaneous  with 
that  of  Magdeburg. 

The  upper  Brown-coal  deposits  of  the  Wetterau  have  been  con- 
ndered  as  of  the  same  age  as  those  of  the  upper  Cyrena-marl.  I 
am,  however,  disposed  to  think,  from  the  observations  of  D.  Lud- 
wig  of  Nauheim,  which  I  have  only  lately  had  an  opportunity  of 
perusing,  that  they  must  belong  to  a  still  younger  period.  They 
are  described  as  occurring  in  hollows  of  decomposed  basalt  at 
Laubach,  Salzhausen,  and  Berstadt,  near  the  western  limits  of  the 
great  basaltic  formations  of  the  Voeelsberg.  They  rest  upon  or  arc 
imbedded  in  vast  deposits  of  clay,  derived  from  the  decay,  in  situ,  of 
the  basalt  itself,  and  are  consequently  posterior,  not  only  to  the 
basalt,  but  even  to  its  decomposition,  therein  differing  from  the 
Brown-coal  of  the  Westerwald,  which  has  been  elevated  and  broken 
up  by  the  protrusion  of  the  basaltic  masses. 

*  Zeitschrift  der  Deutschen  Geol.  Gesellsch.  vol.  Ui.  p.  217. 
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I  am  aware  hofw  imperfectlj  these  remarks  have  been  thrown 
together,  and  how  much  stiU  remains  before  the  subject  can  be  fiilly 
euumsted.  I  would  wilUngly  have  deferred  the  communication 
until  the  German  Geologists  had  completed  their  investigations,  or 
I  myself  had  had  further  opportunities  of  examining  the  country. 
I  haTe  alr^y  stated  my  reasons  for  the  course  I  haye  pursued. 
At  the  same  time  I  trust  that  I  shall  not  have  been  altogether  wrong 
m  bringing  this  subject  before  the  Society,  if  I  have  directed  the 
attention  of  the  Members  to  a  country,  the  geolo^  of  which  has  not 
been  often  discussed  in  these  rooms,  and  respecting  which  we  have 
still  much  to  learn. 


January  17,  1855. 

The  following  communication  was  read  : — 

On  the  Vertical  and  Meridional  Lamination  of  the  Primary 
Rocks.    By  Evan  Hopkins,  Esq.,  F.G.S. 

[Abstract.] 
The  author  described  wide  regions  in  several  parts  of  the  world  as 
exhibiting  in  their  geological  structure  the  phsenomena  of  successive 
vertical  bands  of  schistose  and  crystalline  rocks,  parallel  with  each 
other,  and  having  a  meridional  strike.  This  structural  condition 
was  illustrated  by  several  extensive  and  highly  finished  sections, 
some  of  them  traversing  several  hundred  miles,  made  from  the 
author's  own  observation  in  Panama,  South  America,  Australia, 
and  Ceylon.  The  section  across  the  Andes*,  for  instance,  exhibited 
parallel  bands  of  quartzites,  porphyry,  mica-schists,  greenstone, 
granite,  gneiss,  hornblende  schists,  trachyte,  crystalline  limestone, 
talcose  sdusts,  and  clay-slates,  occurring  in  variable  succession,  with 
a  N.  and  S.  strike,  and  with  an  almost  uniform  vertical  dip.  In 
plains  and  other  places  where  the  laminated  structure  has  not  been 
disturbed  by  local  causes,  the  cleavage  planes  were  shown  to  be 
more  or  less  vertical ;  but  sometimes  in  high  ridges  with  precipitous 
flanks  the  bands  and  laminee  of  rocks  drop  on  both  sides,  from  want 
of  lateral  support,  thus  giving  the  appearance  of  a  radial  or  &n- 
dittped  structure. 

Here  and  there  on  the  edges  of  these  laminated  rocks  rest  hori- 
zontal sedimentary  deposits ;  and  it  was  pointed  out  that  many  of 
these  exhibited  at  the  point  of  contact  with  the  older  rocks  evidence 
of  their  undergoing  the  process  of  vertical  cleavage  or  lamination ; 
the  lines  of  stratification  becoming  gradually  obliterated.  Even  com- 
pact mud  and  soil  lying  on  the  edges  of  the  schistose  rocks  have 
been  observed  by  the  author  to  be  subject  (under  certain  conditions) 
to  cleavage  and  interlamination  with  calcareous  and  siliceous  matter. 
Mr.  £.  Hopkins  mamtained  that  in  all  parts  of  the  world  the  old 
crystalline  or  "  primary"  rocks  exhibit  (with  local  exceptions,  insig- 
*  See  also  Quart.  Joom.  Geol.  Soc.  vol.  vi.  p.  364,  and  PL  31. 
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nificant  when  compared  with  the  whole)  a  uniform  yerfical  dearage 
or  foliation,  with  a  north  and  south  direction ;  and  that  the  rocks  in 
those  countries,  like  Australia,  part  of  India,  Siberia,  South  America, 
Central  America,  and  California,  which  presenre  this  meridioDal 
uniformity,  are  productive  of  gold,  platina,  silver,  and  precious  stones 
on  the  decomposed  edges  of  the  scnists  ;  whilst  those  regions  which 
have  been  disturbed  or  bent  from  their  normal  position  are  more  or 
less  productive  in  masses  of  the  ordinary  minerals,  and  are  compara- 
tively barren  of  the  precious  products.  In  speaking  of  the  meridional 
structure,  Mr.  Hopkins  alludes  to  the  N.E.  variation  of  the  cleavage- 
planes  in  the  northern  hemisphere,  more  especially  in  the  United 
States  and  Europe ;  but,  nevertheless,  he  believes  that  the  general 
uniformity  approximates  more  nearly  to  the  true  meridian  than  the 
magnetic  meridian  does. 

The  author  observed  also  that,  from  his  acquaintance  during 
numerous  mining  operations  with  the  deep-seated  rock-masses  of  the 
Andes  and  elsewhere,  he  was  convinced  that  the  great  base  below 
was  more  or  less  granitic  strongly  saturated  with  mineral  waters,  and 
that  it  passed  upwards  by  insensible  gradations  from  a  crystalline 
heterogeneous  compound  to  a  laminated  rock  (as  gneiss),  and  still 
higher  up  to  schists  in  vertical  planes ;  the  peculiar  varieties  of  the 
higher  rocks  being  dependent  on  the  ndneral  character  of  the 
"parent  rock"  below;  the  schistose  rocks  forming,  in  short,  the 
external  terminations  of  the  great  universal  crystalline  base. 

Mr.  E.  Hopkins  referred  to  some  important  remarks  on  parallel 
lamination  of  nearly  vertical  rocks  and  on  cleavage,  made  inde- 
pendently by  Humboldt*,  M'Cullochf,  Sedgwick  J,  and  De  la 
beche§;  and,  leaving  for  further  consideration  the  question  as  to 
how  the  lamination  and  cleavage  of  rocks  were  brought  about,  he 
concluded  by  recommending  the  study  of  the  primary  rocks,  with 
their  various  transitions  and  foliations,  to  the  special  notice  of 
geologists,  as  being  of  extreme  interest,  and  likely  to  throw  great 
light  on  several  important  points  in  geological  science. 

•  "  Sur  le  Gisemcnt  des  Roches." 
t  *'  Geological  Classification  of  Rocks." 

t  **  Remarks  on  the  Structure  of  large  Mineral  Masses,"  &c.,  Trans.  Geol.  Sec 
2  ser.  vol.  iii. 

§  Geological  Report  on  Cornwall  and  Devon. 
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J.  E.  I.  Wa]di.--IitliokMDadie  BeobidHmigeii  {Bplueroiiile 
(figures);  Spongite}  fitcrimtet  and  Pentaerimtei;  Toe- 
brttulite ;  Ammonites],  269. 

J.  G.  Witger.--Beflefambiuig  der  Bredewmder  Hohle,  280  (plite). 

De  Lnc. — ^Abhandlong  von  einem  •onderbaien  Echimten,  266 
(plate). 

(Natatforscher.)    Vol.  ix.  1776. 

Chemmtz.— -Nachzicht  tou  einigeii  aonderbaien  OrthoeeratiteB, 

241. 
J.  Ch.  Meineke.— MmeralogiBche  Bemeiknngeii  [Roe-stone-like 

poiptes  (?Melonites)  (figures) ;  Siphunde  of  Ammonites} 

Sutures  of  Echinites ;  Fossil  bird-nest]»  248. 
J.  £.  I.  Walch.— Lithobg^e  Beobacbtungen  [Poasil  sheDs; 

Echinites;   Trilobites;   Crocodile  skull;    Qrtliooentites ; 

Gbbular  Porpites  (?  Melonites)],  267  (plate). 
3,  8*  Scbroeter.— Abhandlung  Ton  den  [FosailJ  Moacbdn  der 

Weimaaaehen  Gegend,  ^5. 


Vol.  X.  1777. 


J.  J.  Ferber.-— Veneichnis  der  TorxiiglichBten  Berarweike  in  deoi 
Chnrfiirsthenthurm  Bayem  una  der  daxn  guioiigen  Ober- 
pflaz,  112. 

-.    Vol.  xi.  1777. 

Dr.  Ton  Scbeffler.— Sendscbreiben  au  H.  Walch  von  dem  Ur- 
'         sprung  des  Sandes,  122. 
J.  Ch.  Meineke. — ^Abhandlung  von  den  CoralHen  im  Rddie  der 

Yersteinerung,  128. 
J.  E.  I.  Walch. — ^AbhandlungTon  den  StembergischenVersteiB- 

erungen,  142. 
J.  Ch.  Meineke. — Sendschieiben  an  H.  Walch  von  den  BnoDf 

schweigischen  Encriniten,  161. 
J.  S.  Schroeter, — ^Abhandlung  von  den  Muscheln  der  Weimar- 

ischen  Gegend,  170. 

— .    Vol.  xii.  1778. 
Fh>f.  Lesken. — ^Abhandlung  Ton  einigen  nch  wanddnden  zina 

Felspat  gehorigen  Steinen  aus  Labrador,  145  (plate). 
Danzen. — Bc^tra^  zur  Geschichte  des  Welt^ugea  oda  Lapii 

mutabilis,  164  (figures). 
J.  Ch.  Meineke. — Nachtraff  zu  seiner  mineialogisdien  Beachre^ 

bung  der  Gegend  um  Oberwiederstedt,  235. 


Vol.  xiii.  1779. 


Fh>f.  Hacquet.— Nachridit  von  einer  sonderbaren  Verstdnemog 

[Coral],  91  (figure). 
J.  £.  I.  Walch. — I3eber  dieadbe  Versteinerung,  94. 

Lithologische  Beobacbtungen  [Potsdam  En- 

trochite-jasper;  Belemnites  (figures)]. 
J.  S.  Schroter. — Abhandlung  Ton  den  TorzugKchsten  Eisenstufen, 

welche  am  Stahlberge  und  der  sogenaonten  Mommel  bey 

Smalkalden  gefunden  werden,  113. 
J.  F.  Gmelin. — Beytrag  zu  der  naturlichen  Geschichte  Wiirtem- 

bem  aus  der  Classe  der  Erden  und  Stdne,  132. 
J.  Ch.  Meineke. — Fortsetznng  der  Beytrage  zu  der  merkwiiidigen 

Steinarten  aus  der  Gegend  bey  Obemiederstedt,  160. 
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(Naturfoncher.)    Vol.  xiv.  1780. 

J.  C.  F.  Me^er. — ^Venuche  mit  dem  Stolpener  Basalte,  1. 

J.  £.  I.  Walch. — ^Lithologische  Beobacotun^n  rLanffenheim 

fossils;  Orthoceratites;  Giyphites;  NantiUtesJ,  9  (plate). 
H.  Sander. — ^Von  der  Goldwasche  am  Rheine,  37. 


Vol.  XV.  1781. 


Prof.  Hermaim. — Ueber  einige    Petrefacten  [TrigoniK],  115, 

(plate). 
J.  G.  Georgi. — Abhandluns  von  den  Unreinigkeiten  der  Roch- 

salzes,  sonderlich  im  Russischen  Reiche,  und  den  Mitteln  ea 

davon  zn  reinigen,  184. 
Schreber. — Versuche  mit  der  sogenannten  Halliachen  Mond- 

milch^  209  (figures). 


Tol.  xvi.  1781. 


Bock. — Besehreibung  zweyer  vom  Bernstein  durchbrongenen 

Holzstiicke,  nelwt  einigen  Anmerkungen  iiber  den  Ursprung 

des  Bemsteins  in  Preussen,  57  (plate). 
J.  S.  Scbroter. — Nachricht  von  einen  neuentdeckten  Muschel- 

marmor  aus  dem  Herzogthnm  Kamthen,  mit  Schillerflecken, 

160. 


Vol.  xvii.  1782. 


J.  Ch.  Meineke.— Bescbreibung  einiger  merkwiirdigen  Steinarten 
und  Mineralien  in  der  Gegend  von  Oberwiederstedt  in  der 
Gra£f8cb.  Mannsfeld,  35. 

J.  S.  Scbroter. — Neue  Bemerkunaen  iiber  Kleine  natiirliche  Am- 
monsbomer  [Foraminifera],  117. 

Haase.— Gbenusd^e  Versucbe  mit  einer  Art  Tripel^  226. 

-.    Vol.  xviii.  1782. 
G.  F.  Goetz. — Beytrage  zur  mineralogiscber  Gescbicbte  der 

Graffschaft  Hanau,  86. 
J.  S.  Scbroter. — Ueber  einige  Versteinerungen  aus  der  Herr* 

scbaft  Heydenheim  im  Wurtembergischen,  123. 
Prof.  Sander. — Bescbreibung  einer  Tropfsteinbole  in  der  Land- 

graffscbaft  Sansenburg,  167. 
J.  S.  Scbroter. — Nacbtrage  zu  seinen  Nacbricbt  yom  opalisiren- 

den  Muscbelmarmor,  und  Beytrag  zur  Gescbicbte  aes  Lapis 

mutabilis,  194. 
J.  Cb.  Meineke. — Ueber  die  bypotbetische  Vermutbune,  dass 

viele  Petrefacte  Ueberbleibsel  einer  praadamiscben  Vorwelt 

sind,  252. 

— .     Vol.  xix.  1783. 

Mayer. — Nacbricbt  von  polniscben  Opalen  und  Welt-augen,  1. 
Dr.  Kubn. — Bescbreibung  einer  bey  Eisenacb  gefundenen  Encri- 

niten-platte,  96  (plate). 
J.  Ch.  Meineke. — Ueber  verscbiedene  Ge^nstande  aus  der  Na^ 
turgescbicbte,  sonderlich  des  Steinreichs,  185. 

— .     Vol.  XX.  1785. 
Dr.  Scbopf. — Mineralogiscbe  Bemerkungen  iiber  einen  Theil  der 

Schweizergebiirge,  129. 
Mayer. — Zusatz  zu  seinen  Nachricht  von  den  polnischen  Opalen, 

171. 
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J.  Gb.  Meineke.^Nahere  £il8utenmg  liber  einiger  SdneEow  nid 
En-tften  mu  dem  Mminfeldiacben,  180. 

(Natarforscher.)    Vol.  zxii.  1787. 

J.  Ch.  Meineke. — Ueber  venehiedene  Gcgcmtande  ant  dem 

Mineralreiche,  145. 
J.  S.  Schroter. — Nachrichten  von  eimgen  Rnwiecben  WaaeuiBm, 

167. 
Aug.  Haasee. — ^Von  emen  mineraloglBchen  Laugensalzj  183. 

— Vol.  ran.  1788. 

J.  S.  Schroter. — Nachrichten  von  einigen  Ruaniehen  Mmeralifn, 

64. 
G.  F.  Qoetz. — Beytrag   zur  Mineralogiaofaen   Geschidite  der 

Graftschaft  Hanau,  102. 
C.  C.  Gmelin. — Minendogische  Beobachtimgea  in  dnigcn  Tid- 

eaniachen  Gqgenden  am  Rheine»  114. 


.    Vol.  xxiv.  1789. 

J.  Ch.  Meineke. — ^Meikwiirdigkeiten   ana   dem    Ifinendreidie 

[Mannafeld  coppmlate,  ice.],  163. 
J.  G.  Geiaaier. — Nachricht  von  emen  inlandischen  ao  genannten 

Labrador-  oder  aich  wandelnden  Steine,  189  (figures). 
Schreber. — Lithologiache  Bemerkungen. 

Halle.  ZritflcbriftfardieOeaunrntenNatiurwiagenaebafteii.  Heraiu- 
ge»&ben  von  dem  NaturwissenBchaftlichen  Vereine  fur  Saduen 
und  Thuringen  in  Halle.    Vol.  i.  1853. 

Baur. — Ueber  Shepard'a  Entdeckung  von  Geyaini  in  Kalifbmia, 

120. 
Biachof  und  GiebaL— Ueber  Aptychua,  135. 
Deicke.— Die  Stractur  des  Roggenstdnes  bei  Bemburg  (plate), 

188. 
Giebel. — FLschreate  im  buntene  Sandstein  bei  Bemburg(plate),30. 

Ueber  daa  Alten  der  St.  Caasianer  Ablagenuigen,  34. 

Ueber  Qnenatedt's  foaaile  Menachenzahne  im  Bohneix, 

122. 

Ueber  L.  V.  Buch,  203. 

Ueber  Koprolithen,  206. 

— ^      Ueber  Zekeli'a  Gasteropoden  der  Goaauformation,  285. 
— *—      Ueber  Ammonites  dnx,  n.a«y  aua  dem  Muachelkalk  voa 
Schraplau  (plate),  341. 

Ueber  einige  Pflanzenreate  im  Braankohlenaandatein 

bei  Skonauy  350. 

Heintz.~Ueber  Owen's  Thalit,  37. 
——      Ueber  Ulex'  Beobachtimg  dea  Sehwefelwaaaentoft  ia 

einer  Erdachicht  bei  Hamburg,  132. 
Krauae.-^Ueber  Plettner's  Untersucfaung  der  Braunkohlenfor- 

mation  in  dem  Mark  Brandenburg,  125. 
Leo.-^Dilnvialea  Knochen-lager  bei  Fnnkenhanaen,  447. 
£.  Sochting  und  A.  Le3rffert.— Vorkommen  und  BQdung  der  m 

andem  Krystallen  eineeschlossenen  KrystaUe,  6. 
Sochting. — Ueber  Jenaiacme  Muachdkalk-petxefiieten  und  ein 

fragliches  Mineral  daher,  119. 

Ktinatliche  Darateilung  Gieenokita,  346.     . 

Suckow.— Zur  mineralischen  Venntterung,  433. 
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Ulrieli.**'Voltiit  fom  Rftminebber|S6  bei  Godary  Id. 
litentur. — Oryetognoiie ;  Geologie;  PalicoDtologie. 

(HaOe.    Zeitscbrift.)    Vol.  ii.  1853. 

Andrae. — ^Ueber  Hohlen-  und  Spalten-bildung  m  Staermaik,  996; 

Fonile  FHichte  ans  aem  SteiiiMls  ¥011  WielicxkBf  34L 

€KebeL — Znm  Andenken  det  ventorbeDen  Prof.  £.  F*  Gmiar« 

31. 

Bemerkungen  zu  Spiecker*!  Abbaadlung  liber  Sigittaria 

Sternbergi,  Munst.,  34, 

Sochtmg. — Die  Baaalte  und  Tertianchicbtimgeii  in  Gottingeni 
Umgegend  eigentbumliche  Metamoiphoae,  29. 

Spiecker. — SigiUwria  Sttmbergig  Mtinst.  det  bunten  Sanditeint 
ztt  BembuTg  (2  plates),  L 

Thihniez. — ^Waaierdiurcbbrach  in  der  Steinkoblengrube  ''Hum* 
boldt"  bei  Dolau,  38. 

literator.^Oryctognonei  Geologie;  Palcontolog&e. 


Vol.  iii.  1854. 

-Yenteinenuigen  im  Sonderhauser  Muscbelka&,  58. 


Giebel. — ^Bine  Eschara  im  Pl&nermergel,  54. 

*-— '      Ueber  Nomenc^tur  in  der  syatematiachen  Geoenodey 

126. 
— —      Venteineninffen  im  Muscbelkalk  bei  Lieskan,  192. 
<^-«—      Ueber  einen  Trilobiten  aua  den  Wettiner  Bteinkohlm* 

■cbichten  (plate),  266. 
6luckselig.--Schlaffgenwald,  257. 
,  Gmfenbiien.«-»Ueb^  daa  Vorkommen  det  Rothgiltigerzea  anf 

der  (Srube  Bergwerkawoblfiurt  bei  Zellerfeld,  &L 

—         Das  Nebengestein  der  Bocksweiser  Bleiglanz- 

gange  (plate),  350. 
Rohlmann. — Ueber  die  Bildnng  des  Onmdeises  in  der  Saale  bei 

Halle,  40. 
Pkvdiger.^Geognoatiefae  Beobaobtwigen  am  BiklliehflB  HaHia 

(plate),  364. 
Bicbter.«*Mittbeilunffen  iiber  Thiiringen,  49. 
Schmidt. — Owen's,  Carpenter's  und  Davidson's  Untersnchungen 

fiber  die  Brachiopoden  (2  olates),  325. 
Schmidt. — Diluviales  Knochenlager  bei  Oera,  130. 
Boditing.-^Beriehtigung  lu  Liushmann's  Karte  Ton  Bnwi* 

schweig,  54. 
-— *-       Ueber  Krystalle  in  KiTstallen*  268. 

Gelbbleierz  als  VerBtemferungsmaterial,  274. 

Spieker.-— Fleuromoia,  neae  fossile  Pilanzengattung  und  ihre 

Arten,  gebildet  aus  der  Sigillaria  Stembergi  im  bonten 

Sandstem  (3  plates),  176. 
Ulrich. — Ueber  Muy  aus  dem  Rammelsberge  bei  Ooslar,  22. 
Wimmer. — Kiystallographische  Notiz  (plate),  334. 
— —        Die  G&nge  im  Felde  der  Oruboi  Ring  imd  Silber- 

schnnr  bei  Zellerfeld  (plate),  344. 
Witte.— Ueber  die  Vertheihmg  der  Warme  auf  der  Erdoberflacho 

(2  pktes),  26. 
Zenscfaner. — Cleognostische  Schilderung   der  Ganreerhaltnisse 

bei  Kotterbach  und  Poracs  im  Zipser  Comita^  /  • 
Ut6iito,«-«Qryotognoiie{  Oeokgie;  Paliiontok>gie. 
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Liiinean  Society^  Transactions^  voh  xxi.  part  3,  1854, 

,  Presidential  Address  by  Thomas  Bell,  Esq.,  Hay  24, 

1854. 

,  List  of  Fellows,  1834. 


-,  Proceedings,  Nos.  52-58. 


Notice  of  Dr.  Mantell,  235. 

Dr.  T.  Thompson,  240. 

Baron  von  Buch,  241. 

A.  Aikin,  Esq.,  304. 

Professor  Jameson,  306. 

C.  Stokes,  Esq.,  312. 

• G.  F.  Fischer  de  Waldheim,  318. 

Jiiyerpool  Literary  and  Philosophical  Society,  Proceedings,  1853-54, 
No.  8. 

M'Andrew,  Robert.—"  On  the  Geographical  Distribution  of  Tet- 
taceous  M oUusca  in  the  North-£ast  Atlantic  and  neighbour- 
ing seas/'  8. 

Ferguson,  W.— <'0n  the  Raised  Beaches  of  the  Frith  of  Oyde, 
with  Notices  of  the  Discovery  of  Numerous  Ancient  Ganoei 
in  the  Neighbourhood  of  Gkisgow,"  131. 

Moss,  Rev.  J.  J.—"  On  the  Chemical  Properties  of  the  Toibiiia 
Hill  Mineral,"  159. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazme.  4(ih  series, 
vol.  viii.  No.  54,  Dec.  1854. 

R.  P.  Greg.— On  Meteorolites,  449. 

A.  Sedgwick. — On  the  May  Hill  sandstone  and  the  palgoinr 
system  of  England,  472. 

— — .    No.  55  (Supplement),  Dec.  1854. 

A.  Sedgwick.— On  the  Mav  Hill  sandstone  and  the  palgoinift 
system  of  England,  489. 

Manchester  Literary  and  Philosophical  Society,  Memoirs.  Ited 
series,  vol.  xi.  1854. 

E.  W.  Binney. — On  the  action  of  old  coal-pit  water  upon  iroa 
'  in  the  Pendleton  Colliery,  2?. 

Medical  Circular.    Nos.  123-128. 

Milan.  Giomale  dell'  I.  R.  Istituto  Lombardo  di  Sc.  Lett,  ed  Aiii 
e  Bibliotheca  Italiana.     Nuov.  Ser.  vol.  iv. 

£.  Lombardini. — L'idraulico  condizione  del  Po  nd  territorio  di 
,        .  Ferrara  (3  plates),  3. 

Rapporto  della  Commissione  incaricata  di  riferire  sulle  esperieau 
eseeuite  dal  Prof.  P.  Gorini  ad  illustrazione  della  sua  open, 
sulm  formazione  delle  montagne,  168. 

— .    Vol.  V. 

Prof.  Massaloneo.-^Prodromus  florse  foasilis  Senogalhenris  (4 
plates)  [with  list  of  works  by  Italians  on  fbasil  PJanta],  197* 
G.  Curioni. — Rapporto  sulla  Carta  geognostica  del  Tirolo  e  dd 
Vorarlbei^  608. 

.    Fasc.  31,  32  (vol.  vi.). 

E.  Comalio. — Sul  Pachypleura  EdwardsiL  Knovo  aauro  acnh 
donte  degh  strati  tnasici  di  Lombardia  (2  plates),  45. 
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Hoothlf  American  Journal  of  Geology  and  Natural  Sdenoe*    Vol.  u 
1831-32.    From  JF.  Lofudale,  Esq.,  F.G.S. 
Numerona  Geological  Memoirs  and  Notices. 

Netherlands.    Yerhandelungen  uitgegeven  door  de  CommiBsie  belaat 

met  het  veryaardigen  emer  ffeologiselie  besdmj^iBg  en  Kaart 

Tan  Nederland.    TweedeDeel.     1854.    From  the  SwsiiU  Hoi- 

Umdaue  de%  Sciences  a  Haarlem. 

Verslag  tot  Octobie  1853,  1. 

J.  Boiquet. — Les  crustaoes  fossiles  du  terrain  cr^tac^  du  Duch^ 

de  Limbourg  (plates),  13. 
G.  A.  and  F.  A.  W.  Venema. — De  Bamstein  in  de  provinde 

Groningen. 
P.  Harting.— Het  Eiland  Urk;  and  W.  C.  H.  Staring.— Het 

Nedenandsoh  DiluTium  (maps),  157. 
Lijst  der  Versteeningen  nit  de  tertiaire  Gronden  van  Gelderland 

en  Overijssel,  187. 
J.  Bosket. — Qudques  nouveaux  Braehiopodes  du  syst^me  Maes- 
tncbien  (plate),  195.      . 

Verslag  van  de  Commisatey  van  Octobre  1853  tot 

Octobrel854. 

Philadelphia  Academy  of  Natural  Sciences,  Journal.    New  Series, 
ToL  ii.  part  3,  1853. 

J.  Lea. — ^The  New  Bed  of  Penn^lyania  and  a  fossil  Saurian  from 

that  formation  (plates),  185. 
^—     Some  new  fossil  Molluscs  from  the  Wilkesbarre  coal 

formation  (plate),  203. 
T.  A.  Conrad.--New  tertiary  and  cretaceous  shells  of  the  United 
States  (plate),  273. 


Proceedings.     1852.    No.  12-34. 


D.  D.  Owen. — New  mineral  from  €alifoniia»  108. 
J.  Les. — Eschars  Claibomensis,  109. 
F.  A.  Genth. — Minerals  acoompanving  gold  in  Galiforniay  113. 
Strontiano-calcite,  114. 

C.  M.  Wedierill.— PhoenizTille  molybdate  of  lead,  1 19. 
F.  A.  Genth.— Rhodophyllite,  121. 

D.  D.  Owen.— Geol<^  of  Wisconsin,  Iowa,  and  Minnesota,  189« 
M.  Toomey.—- Tertiary  shells.  North  Carolina,  192. 

T.  A.  Gonrad.---Tertiaiy  strata  of  St.  Doniingo  and  of  Vicksburg, 

198. 

— —  Notes  on  shells,  and  descriptions  of  new  species, 

tertiary  and  cretaceous,  199. 
F.  A.  Gentn. — New  mineral  from  California,  209. 

BiTSte,A.   AnnalesSdenoesG^logiquea.  prem.ann.1842.   From 
jr.  Lomdale,  Esq.,  F.G.S. 

Numerous  Geological  Memoirs  and  Notices. 

Boyal  Astronomical  Socie^,  Memoirs.    Vol.  zzii.  1854. 

-~ ,  Monthly  Notices.    Vol.  idii.  1853. 

Statist,  The.    Vol.  i.  No.  1,  Oct.  1854. 

Stalutical  Sodety  td  London,  Journal.    VoL  zvii.  pt.  4,  Dec.  1854. 
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StooUiolBi.     K6iigL   Vetemfaqpt-Akadetnkai   BmyBiat»^    f6t 

1852. 

Biognfi  ofrer  Wilhelm  Hiciiiger;^  385* 

'  *    Ofvenigt  af  Kongl.  TeteDskaps-AkademienB  Forhni» 
lingar.    .For  1852. 

Bahr. — Om  den  formocUule  metallen  Aridium,  161« 
Hdleday. — Analys  d&  mineralvattea  Tid  FaMim^  193. 
Igelrtroiu. — Mineralogiska  undernttelier  om  Wemukogt  iodaB» 

18. 
Palm8tedt.—0m  platma  i  nlfermynty  230. 
Erdmann. — Om  yattenst&ndeC  i  maleren  1851,  37. 

Om  jatt^rytor  nd  Gunnebo,  238. 

LindstFom.— Om  Gottlanda  hojnuig*  194. 

For  1853. 


IgeUtrom.— Mmeral-Analyser  (Dolomite,  Liaeitoiies  SerpentiBe^ 
&c.),  33. 

Strasbourg.    M&noires  dd  U  SociM  da  MuB^um  d'HiBtoire  Natu- 
rdle  de  Strasbourg,  tome  iv.  2  et  3  livr.  1853. 

Marcel  de  Serres.'— Sur  la  dirtributioU  primitive  des  T^^tanz  et 

des  animauz  k  la  smface  du  globe. 
Dr.  Cam^.— 'Sur  la  cbaux  carbomtt^e  dana  lea  Votgea. 
W.  P.  ScBimper. — Palseontologica  Alsatica.     Miocene  Pafana 
Xypbomires,  Ammonites,  and  Chelonichniutt  of  the  Mas. 

Yaud.    Soci6t6  Vaudoise  des  Sciences  Naturelles,  BoUetm.    Noi. 
30,  31. 

Dr.  J.  Delaharpe   (Secr^taire).-^Les  denders  travanx  de  k 

SociM  (G^okgte),  229. 
Prof.  Lardy. — Sm:  la  Carte  g^ologiqae  de  la  Snisae  par  HH. 

Studer  et  A.  Escher  de  la  Linth,  246. 
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THE  GEOLOGICAL  SOCIETY  OF  LONDON. 


PROCEEDINGS 

OP 

THE  GEOLOGICAL  SOCIETY. 


Janxtary  31,  1855. 

The  Rev.  T.  J.  Prout,  A.M.,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  Additional  Obtervations  on  the  Silurian  and  Devonian  Rocks 
near  Christiania  in  Norway, — on  presenting  M.  Thbodor 
Kjbrulf's  new  Geological  Map  of  the  District,  By  Sir 
Roderick  I.  Murchison,  V.P.G.S.  &c.  &c. 

During  an  excursion  to  Norway  and  Sweden  in  the  year  1844,  I 
<irew  those  conclusions  respecting  the  order  of  the  older  sedimentary 
formations  in  the  environs  of  Christiania,  which,  having  first  heen 
enounced  in  the  Quarterly  Journal  of  this  Society,  were  afterwards 
published  in  greater  detail  and  with  a  more  accurately  finished  section 
ID  the  work  entitled  '  Russia  and  the  Ural  Mountains*.' 

*  See  Quart  Jonm.  Geol.  Soc  vol.  i.  p.  471.  The  correct  section  is  giyen  in 
Qstrt  JoniiL  Geol.  Soc.  toL  u.  Miscell.  p.  71 ;  ibid.  toI.  viiL  p.  182 ;  and  '  Russia 
in  Europe,'  &c,  vol.  L  p.  13.  Since  the  present  notice  was  read,  M.  Kjerulf 
Itti  lent  to  me  the  Memoir  in  German,  which  accompanies  his  map,  entitled  *  Das 
Christiania-Silurbecken,  chemischogeognostisch  untersucht/  4to.  Christiania, 
I8M.  In  acknowledging  this  fayour,  I  beg  to  state  that  this  author  does  not  seem 
to  htre  been  acquainted  with  my  original  communication  on  the  subject ;  for  the 
ptper  by  Forchhammer,  to  whidi  alone  he  refers,  is  in  the  Norsk  language,  and 
fonnt  a  part  of  the  account  of  that  Scandinavian  Meeting  of  1844  at  which  I  gave 
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These  views  developed  the  existence  of  a  vast  trough  or  elongated 
basin  of  Silurian  strata,  the  direction  of  which  lengthwise  is  from 
S.  and  by  W.  to  N.  and  by  £.,  and  which  in  theparallel  of  ChristiamA 
has  a  width  of  about  thirty  English  miles.  This  trough  was  showD 
to  consist  of  two  low  tracts,  on  either  side  of  a  high  intenrening 
plateau ;  each  lower  lateral  tract  being  composed  of  a  full  series  of 
all  the  Silurian  strata  (Lower  and  Upper)  ;  and  the  central  hi^er 
ground,  of  Old  Red  Sandstone  or  Devonian  strata. 

This  exposition  of  a  symmetrical  order,  from  the  base  of  the 
stratum  containing  the  oldest  known  remains  through  Lower  and 
Upper  Silurian  rocks,  and  thence  through  about  a  thousand  feet  of 
overlying  red  sandstone,  was  naturally  dwelt  upon  by  me  with  great 
satisraction :  for,  in  exploring  the  remaining  parts  of  Scandinavia 
where  such  paleeozoic  formations  were  present,  no  other  district  could 
be  discovered  in  which  so  complete  and  continuous  a  succession  was 
to  be  seen.  The  great  Russian  Empire  exhibits  no  such  dear 
Silurian  base  as  this  Norwegian  trough  presents ;  whilst  even  the 
symmetrical  Silurian  basin  of  Bohemia,  so  justly  celebrated  through 
the  labours  of  M.  Barrande,  is  inferior  in  one  respect, — ^viz.  in  not 
exposing,  like  the  Norwegian  example,  a  great  overlying  mass  un- 
equivocally of  Devonian  aee. 

Although  my  explanation  of  this  order,  as  first  given  at  the 
Meeting  of  the  Sctmdinavian  Men  of  Science  in  June  1844,  was 
warmly  approved  by  my  associates  who  were  present  (including 
Leopold  von  Buch,  Berzelius,  and  Forchhammer),  it  met  with  an 
opponent  in  M.  Eeilhau,  who,  though  he  had  published  his  '  Gna 
Norv^ca '  and  a  map  of  Norway  which  is  very  praiseworthy  (w 
its  mineral  features,  maintained  ideas  essentially  distinct  from  my  own 
respecting  the  consecutive  order ;  and  who  still,  as  I  understand, 
does  not  admit  the  metamorphism  of  some  of  the  Silurian  strata  into 
crystalline  slate  (hartenschiefer) — a  point  I  endeavoured  to  explain 
satisfactorily  to  this  Society  many  years  ago. 

Under  these  circumstances,  1  have  long  wished  to  see  some 
free  Norw^an  arise,  who,  looking  fairly  at  nature,  would  say 
whether  the  order  I  had  indicated  was  exact,  or  if  nc^  who  would 
correct  it ;  and  who  would  further  test  it  by  a  close  examination  of 
the  strata,  and  by  laying  down  their  outlines  on  a  map. 

Fortunately,  I  met  with  Mr.  David  Forbes,  the  brother  of  onr 
universally  beloved  and  respected  former  President,  and,  finding  that 
he  was  frequently  at  Christiania,  I  urged  him  to  produce  before  the 
Geological  Society  some  fruits  of  his  own  observations  on  the  rocks 
of  Norway. 

I  also  particularly  requested  him  to  obtain  some  data  of  detail 

the  first  explanation  of  the  true  order  of  the  region.  In  fact,  whilst  the  memoir 
of  M.  Kjenilf  contains  much  valaable  new  matter,  particularly  his  descriptions  and 
analyses  of  the  igneous  and  metamorphic  rocks,  and  also  lucid  diagrams  explana- 
tory of  the  physical  relations  of  the  strata,  his  chief  sections  (ex.  gr.  those  of 
p.  51)  are,  as  he  himself  states,  analogous  to  that  general  transverse  section  which 
1  offered  to  the  Christiania  Meeting  of  1844,  and  which  was  repeated  in  the 
above-mentioned  works,  and  lastly  in  my  '  Siluria '  of  1854,  pp.  319,  320.— 
[R.  1.  M.  May  23,  1855.] 
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lespecdng  the  SSnrian  formations  of  Christiania,  and  to  procure  a 
competent  gurrej  and  admeasurement  of  them.  'Whilst  Mr.  D.  Forbes 
will  give  70U  his  own  views  on  the  crrstalline  rocks,  I  have  to  thank 
him  for  having  obtained  from  his  friend  M.  Theodor  Kjerulf  the 
map  which  is  herewith  exhibited.  On  it  are  delineated  the  bound- 
aries of  the  Lower  and  Upper  members  of  what  M.  Kjerulf  terms 
the  '^  Silurian  Basin  of  Christianiay"  and  of  the  overlying  Devonian ; 
the  dips  of  the  strata  being  generally  noted.  M .  njerulf  has  also 
furnished  some  data  to  Mr.  D.  Forb^,  among  which  the  following 
are  important : — 

Feet. 
The  Lower  Silurian  schists  and  limestones  have  a  thickness  of  .  860 
The  Upper  Silurian  limestones  and  flagstones 150 

Total  thickness 1010 

In  various  publications,  and  specially  in  my  last  work  'Siluria,' 
I  have  adverted  to  the  phsenomenon,  that,  notwithstanding  the  thin* 
nessof  the  Scandinavian  strata  of  this  age,  they  exhibit  as  complete  a 
"  natural  system  "  as  in  countries  where  they  are  expanded  to  many 
thousand  feet  of  vertical  dimensions.  Thus,  above  the  bottom  be^Is 
(often  only  a  few  feet  thick)  of  fiicoid-sandstone  resting  upon 
gneiss  or  older  granite,  we  meet  with  the  so-called  Alum-slates, 
recently  illustrated  by  the  publication  of  their  fossils  by  Angelin, 
some  of  the  forms  of  which  were  known  long  ago  to  Hisinger 
aud  the  older  Swedish  naturalists.  Whether  at  Andrarum  or  otner 
places  in  Scania  where  I  have  examined  it,  or  on  the  flanks  of  the 
Norwegian  trough  under  consideration,  this  zone  of  schist  has  nowhere 
a  greater  thickness  than  from  60  to  80  feet,  whilst  its  equivalent  in 
Wales  (the  Lingula-flags)  has  a  thickness  of  many  thousand  feet,  as 
assigQed  to  it  by  the  British  Government  Surveyors,  who  place  it  as 
the  bottom  rock  of  the  Silurian  System.  Still,  notwithstanding  this 
vast  disproportion  in  dimensions,  the  thin  shred  of  Scandinavia  has 
affordea  many  more  Trilobites  of  the  genera  Paradomdes,  Battus^ 
and  OlenuSy  than  the  grand  British  mass.  In  consequence  of  its 
&ana,  M.  Barrande  has  recognized  the  Alum-slate  of  Scandinavia  as 
being  the  exact  representative  of  his  primordial  Silurian  zone  of 
Bohemia. 

Then,  in  the  succeeding  few  hundred  feet  of  black  schists,  with 
occasional  courses  of  limestone,  which  constitute  the  chief  body  of 
the  Lower  Silurian  rocks,  we  have  just  the  same  profusion  of  typical 
fofisils,  whether  they  be  Jsaphi,  Iil^eni,  Trinuclei,  or  simple-plaited 
OrihieUB,  as  in  the  capacious  mountain  escarpments  of  Wales  and 
Siluria! 

In  parts  of  Scandinavia,  and  particularly  near  Christiania,  a  lime- 
stone charged  with  the  Pentameru8  oblonffus  is,  as  in  other  parts  of 
Europe  (as  well  as  in  America),  the  band  which  separates  the  Lower 
from  the  Upper  Silurian,  and  which,  according  to  the  predominance  of 
fosals  of  the  one  or  the  other,  may  locally  be  classed  with  either  group. 
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«  In  Britain,  however,  the  Pentamerus  oblongus  is  nnquestionably  a 

i  Lower  Silurian  type,  being  found  in  the  Llandeilo  rocks  as  well  as  in 

[  the  Upper  Caradoc,  and  never  in  the  Wenlock  formation^. 

.  But  at  whatever  horizon   the  division  be  drawn   ( — a  horizon 

which  every  far-travelled  geologist  knows  must  vary  in  different 
!  countries — ),  it  is  undeniable,   that  in  Scandinavia,  Bussia,  and 

I  Bohemia  there  is  not  the  slightest  trace  of  that  local  dislocation 

[  which  has  partially  affected  the  British  strata  between  the  Lower  and 

[  Upper  Cafadoc. 

I  In  Norway  and  other  parts  of  Scandinavia,  the  overlying  strata  of 

j  shale,  limestone,  and  sandstone  which  are  laden  with  Upper  Silurian 

I  forms  are  everywhere  perfectly  conformable  to  the  Lower  Silurian ; 

and,  even  in  the  Bay  of  Christiania,  the  Wenlock  limestone  and  shale 
charged  with  a  profusion  of  Corals  and  Shells  are  seen  to  undulate 
upon  and  with  underlying  masses  of  the  black  Lower  Silurian  slates, 
in  the  horizontal  space  of  a  few  hundred  yards. 

Feeble  in  vertical  dimensions  as  the  Upper  Silurian  is  sud  to  be 
by  M.  Kjemlf,  his  statement  is  quite  in  accordance  with  my  own 
observations,  which  would  not  assign  more  than  80  or  90  feet  to  the 
limestone  subdivision,  and  70  or  80  to  the  flag-like  sandy  strata 
which,  containing  Chonetea  {Lepttena)  lata  and  other  fossils,  repre- 
sent the  Ludlow  rocks,  and  pass  up  into  the  bottom-beds  of  the  Old 
Red  Sandstone,  as  seen  on  either  side  of  the  great  plateau  of  Ringe- 
rigge  exposed  in  my  original  section.  Even  in  Gothland,  that  laige 
island  which  is  exclusively  composed  of  Upper  Silurian  rocks,  M.  de 
Vemeuil  and  myself  could  never  recognize  a  greater  united  thickness 
than  200  or  300  feet,  including  a  sandy  representative  of  the  Ludlow 
rocks,  with  some  subordinate  courses  of  an  oolitic  limestone.  Tet, 
there  also  the  fossils  are  very  decisive  of  the  age  of  the  rocks,  parti- 
cularly those  of  the  Wenlock  limestone  ;  whilst  the  meagre  represen- 
tative of  the  Ludlow  rocks,  whether  seen  at  Mount  Hoburg  in  Goth- 
land or  near  Ofved-Kloster  and  the  Lake  Ring  in  Scania,  where  it  is 
a  purplish  tilestone,  is  well  marked  by  its  Orthonota,  Cyprieardia, 
Leptcena  lata,  Amcula  retraflexa,  and  Cytkerina  (Leperditia) 
Balthicaf, 

Having  previously  dwelt  upon  the  great  geological  value  of  such 
data  and  comparisons  in  showing  that  the  age  of  ancient  deposits  is 
never  to  be  indicated  by  their  thickness  merely,  I  have  natnrally 
great  satisfaction  in  seeing  my  views  confirmed,  as  respects  Norway, 
by  an  accurate  local  observer. 

In  addition  to  the  indications  on  his  map,  M.  Kjerulf  has  commu- 
nicated to  Mr.  D.  Forbes  a  few  notes,  both  on  the  sedimentary 
rocks  and  on  the  eruptive  and  metamorphic  rocks. 

Thus,  in  speaking  of  the  Devonian  or  Old  Red  Sandstone,  which, 

*  M.  Kjerulf  classes  the  Pentamerus-Uinestone  with  the  Upper  Silnriaiiiand  is, 
I  have  no  doubt,  correct ;  for  in  Norway,  as  in  Courland,  the  Pentamerv»  ohkmmu 
is  almost  always  associated  with  a  profusion  of  Wenlock  species. — [R.  1.  M., 
May  23,  1855.] 
■     t  Quart.  Journ.  Geol.  Soc.  vol.  iii.  pp.  25,  34,  &c. 
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he  flaySy  evetywhere  overlies  the  Upper  Silurian,  and  to  which  he 
assigns  a  thickness  of  900  feet,  M.  Kjerulf  attributes  the  absence  of 
fosals  (none  having  been  found  in  it)  to  a  contemporaneous  volcanic 
or  Igneous  action,  which  caused  a  deposit  of  the  tufaceous  matter 
whereof  the  Lower  Devonian  is  composed.  The  higher  parts  become 
more  sandy ;  grains  of  quartz  appearing,  and  finally  a  coarse  red 
conglomerate. 

Some  peculiarities  of  the  trap  and  porphyry  districts-are  mentioned, 
and  the  cavities  of  the  amygdaloid  (mandelstein)  are  said  to  be  often 
occapied  with  natrolite,  green-earth,  calc-spar,  fluor-spar,  striped 
chalcedony,  quartz,  prehnite,  apophylhte,  and  sometimes  with  curious 
nodules  of  anthracite  in  calc-spar.  Breccias  appear  in  great  force  ; 
one  of  these  occurring  hetween  the  Old  Red  Sandstone  and  the 
angite-porphyry,  and  another  between  the  augitic  and  the  felspathic 
porphyry.  It  is  further  stated,  that  there  is  no  silicification  of  the 
slates  or  limestone  in  contact  with  granite  or  porphyry;  the  first 
being  simply  indurated,  and  the  second  converted  into  marble. 

Some  other  structural  phenomena  are  briefly  touched  upon, 
among  which  it  is  said  that  the  veins  proceeding  from  granite  appear 
to  be  of  augite-porphyry,  and  that  the  veins  emitted  from  the  syenite 
are  of  felspar-porphyry. 

For  my  own  part  I  have  merely  to  state  that,  as  far  as  I  am 
acquainted  with  them,  the  observations  of  Mr.  D.  Forbes  and 
M.  Kjerulf  are  in  unison  with  the  opinions  expressed  by  M.  Forch- 
hammer  and  myself,  particularly  in  respect  to  the  metamorphosed 
schists,  sandstones,  and  limestones  of  Silurian  age,  and  also  in  demon- 
strating that  the  chief  outbursts  of  the  igneous  rocks  of  this  region, 
and  specially  of  the  porphyries,  were  posterior  to  the  deposit  of  the 
Old  Red  Sandstone. 

In  conclusion,  let  me  say  that,  although  I  failed  in  leading  Prof. 
Keilhau  to  agree  with  ine  respecting  the  order  of  succession  from 
flanks  to  centre,  or  in  the  identity  in  age  of  his  *'  harte  schiefer " 
and  my  Lower  Silurian,  it  was  the  simple  inspection  of  his  own  geo- 
logical map  of  the  Christiania  Territory  which  first  led  me  to  entertain 
views  which  I  realized  by  personal  surveys.  By  inspecting  the  map  of 
Keilhau,  the  geologist  will  see,  that  the  whole  of  that  which  is  now 
called  the  **  Sdurian  basin,"  as  circumscribed  by  gneiss,  has  a  major 
axis  of  120  miles  long  from  Langesund,  on  the  S.S.W.,  to  the  Lake 
Miosen,  on  the  N.N.JE.  He  will  further  observe,  that  the  northern 
and  southern  portions  of  this  region,  particularly  the  latter,  have  been 
oocupied  by  vast  masses  of  those  eruptive  rocks  (whether  grouped 
as  granites  or  porphyries)  which  have  been  emitted  subsequently  to 
the  formation  of  the  Old  Red  Sandstone.  Hence  it  is,  that  in  the 
parallel  of  Christiania  only  is  there  to  be  seen  a  full  and  symmetrical 
development  of  all  the  Silurian  strata ;  the  eruptive  rocks  merely 
showing  themselves  in  that  district  as  dykes  and  bosses  of  protrusion, 
or  partial  superjacent  sheets. 
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2.  On  the  Causes  producing  Foliation  tn  Rocks  ;  and  on  mme 
observed  cases  of  Foliated  Structure  tn  Norway  and  Scot- 
land.   By  David  Forbes,  Esq.,  F.G.S.,  A.I.G.E. 

The  study  of  the  metamorphic  and  crystalline  rocks  has  of  late 
years  attracted  much  attention,  and  the  researches  of  Darwin,  Shaipe, 
and  others  haTC  brought  forward  many  facts  particularly  interestmg 
and  important. 

It  will  probably,  however,  be  admitted,  that,  notwithstonding 
the  labours  of  these  geologists,  great  difference  of  opinion  exists 
as  to  the  formation  and  structure  of  these  rocks,  and  that  at  present 
we  are  not  in  possession  of  sufficient  data  to  enable  us  to  place  the 
question  upon  a  firm  basis.  It  is  therefore  of  importance  that  as  manj 
observations  as  possible  be  laid  before  geologists  working  at  this 
subject ;  and  it  is  consequently  hoped  that  the  present  oommunicatioD 
may  not  prove  unserviceable  in  advancing  the  inquiry. 

The  observations  here  brought  ^forward  have  with  a  few  exceptions 
been  made  during  a  residence  of  some  years  in  Norway,  where  the 
foliated  rocks  play  so  important  a  part.  The  others  are  the  result 
of  some  short  excursions  in  Scotland  made  for  the  express  purpose 
of  comparison. 

For  a  long  period,  and  it  may  be  said  until  late  years,  it  was  the 
generally  received  opinion  that  the  lines  of  foliation  in  rocks  were 
lines  corresponding  m  direction  or  identical  with  the  lines  of  stratifi- 
cation, and  were  produced  by  the  alteration  of  these  lines  by  meta- 
morphic action.  This  view  of  the  case  can  no  lonoer  be  considered 
tensble,  and  the  observations  of  many  geologists  nave  shown  that 
foliation  frequently  takes  place  at  a  different  angle  to  that  of  strati- 
fication. 

Darwin  seems  to  consider  this  as  almost  invariably  the  case,  and 
remarks  that,  even  should  they  correspond  in  the  strike,  they  would 
not  correspond  in  the  dip ;  and  Ramsay,  in  his  pa)>»  "  on  the  Lower 
Palteozoics  of  North  Wsles,''  considers  that  there  is  no  doubt  that  in 
many  cases  the  foliation  of  the  Anglesea  rocks  runs  much  across  the 
dip.  Many  other  observers  might  be  <]|uoted  on  this  point ;  but,  on 
the  other  hand,  several  geologists  of  high  reputation  seem  to  con- 
sider these  cases  as  exceptional,  and  tnat  in  general  the  foliation 
is  developed  according  to  tne  lines  of  stratification. 

(Case  1.) — As  bearing  on  this  point,  I  observed  in  the  Highlands 
of  Scotland,  near  Crianlorich,  on  the  road  to  Tindrum,  in  Perthshire, 
regular  beds  of  a  blue  Umestone,  resting  upon  a  dark  greenish-grey 
mica-schist,  and  dipping  32^  N.E.,  with  an  inclination  in  the  course  of 
the  strata  of  24^  S.E.  This  limestone  was  most  completely  foliated 
by  the  introduction  of  small  plates  of  white  mica,  so  that  it  often 
could  hardly  be  distinguished  by  the  eye  from  gneiss.  Here  the 
foliation  in  the  Umestone  appeared  perfectly  identical  with  the  planes 
of  bedding,  as  shown  by  the  coloured  bsnds  and  large  beds  of  the 
limestone.  This  was  apparently  also  the  case  in  the  gneiss ;  but  in 
the  crust  or  stratum  above  the  limestone  on  the  surface  of  the  ground 
the  foliation  was  very  twisted  and  irregular. 
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(Case  2.) — At  Jsegersborg,  near  Christiansand,  in  Norway,  the 
folimtion  of  a  highly  crystalline  white  limestone  in  schist  was  found 
to  be  paraDel  with  the  apparent  lines  of  bedding  (see  fig.  1).     It 

Fig.  1 . — Section  qf/oUated  limestone  and  gneiss  at  Jtsgershorgi 
near  Chris tia$uand.     (See  also  page  173.) 

Height  of  Section  about  8  feet. 


t 
I 


A.  Gnnite.  J,  d.  Crystalline  white  limestone. 

a,  a.  Ordinary  gneiss.  e,  e.  Augitic  limestone. 

b,  Qnartzose  gneiss.  /,/.  Blicaceous  limestone. 
CfC,  Gneiss. 

will  frequently,  however,  be  found  tcit  difficult  to  prove  satisfactorily 
when  the  line  of  foliation  coincides  with  that  of  biding ;  as  in  many 
cases,  and  particularly  in  Norway,  there  are  rarely  any  normal  stra- 
tified beds  in  so  dose  contact  as  to  render  the  matter  perfectly 
indisputable. 

Keilhau  seems,  however,  to  consider  the  cases  where  the  foliation 
does  not  agree  with  the  stratification  as  exceptional,  and  mentions'", 
evidently  with  this  impression,  a  case  where  he  has  observed  in 
Thelemarken  a  thick  bed  of  very  characteristic  gneiss  situated 
amongst  other  crystalline  strata  in  which  the  mica  and  gneiss  struc- 
ture, as  a  whole,  was  developed  at  right  angles  to  the  real  planes 
of  stratification. 

It  is  possible  also  that  the  coincidence  of  foliation  and  stratifica- 
tioD  would  be  found  much  more  frequently  the  case,  were  it  not  for 
the  very  ^nend  occurrence  of  the  disturbing  influence  of  a  pre- 
viously existing  cleavage-structure, — or  of  a  more  or  less  inclined 
positiou  of  the  beds  during  the  time  foliation  occurred,— or,  lastly, 
of  the  intrusion  or  approach  of  igneous  rocks. 

*  Norske  Mag.  for  Naturvidenskab,  New  Series,  toI.  L  p.  70. 
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Where  clearage  is  previously  existing  in  rocks,  it  appears  veiy 
reasonable  to  suppose  uiat  the  folia  would  arrange  themselves  along 
the  lines  of  cleavage,  which  may  be  regarded  as  so  manj  cracks  or 
vacuities  extremely  convenient  for  the  development  of  crystalline 
matter.  These  spaces  probably  may  be  much  more  diffused  than 
would  appear  at  first  sight.  For  we  may  suppose  matter  compressed  so 
as  to  give  it  a  cleavage-structure,  and  this  pressure  then  removed  or 
only  relaxed:  the  elasticity  of  the  mass  itself  (however  smaD) 
would  naturally  cause  a  certain  degree  of  relaxation  throughout  its 
entire  body,  giving  it,  in  consequence,  a  general  porous  structure ; 
the  pores  being  of  course  elongated  and  flattened  m  the  direction  of 
the  planes  of  cleavage,  or  at  right  angles  to  the  compressing  force. 
Afterwards,  when  the  foliating  forces,  which  cannot  be  other  than 
chemical,  come  into  action  in  a  mass  in  this  state,  we  ma^  fairly 
expect  that  the  lines  of  foliation  will  be  identical  with  these  hues; — 
which  seems  to  be  the  reason  that  we  so  often  find  the  lines  of 
cleavage  and  foliation  parallel.  In  case  the  chemical  action  here 
aUudea  to  was  so  intense  as  to  obliterate  the  cleavage-planes,  then 
we  have  no  guarantee  that  the  hues  of  foliation  w9l  follow  these 
planes. 

In  some  cases  possibly  the  cleavage  may  have  taken  place  after 
foliation,  and  in  some  measure  accommodated  itself  to  these  lines  as 
offering  the  least  resistance. 

The  superincumbent  pressure,  likewise,  must  be  taken  into  account 
in  considering  the  arrangement  of  foliation ;  as  it  appears  likely  that 
this  would  act  aeainst  any  vertical  position  of  the  crystals;  and 
the  elongated  and  flatteneid  appearance  generally  seen  in  the  cry- 
stalline minerals  inducing  foliation  appears  doubtless  the  result  of  ihis 
action. 

FoUation  and  cleavage  have  both,  I  believe,  been  referred  by  some 
to  electric  or  magnetic  action ;  but  I  am  afraid  that  it  is  too  general 
to  refer  to  these  causes  effects  that  we  do  not  at  first  sight  compre- 
hend. If  it  be  found,  as  I  believe  to  be  the  case,  that  electricity 
traverses  more  easily  in  the  direction  of  the  cleavage-planes  than 
across  them,  I  think  this  argument  has  no  further  weight  than  as 
confirming  the  porous  structure  here  supposed  as  consequent  on  the 
relaxation  of  a  previously  applied  pressure ;  as  it  seems  very  probable 
that  the  resistance  offered  to  the  current  in  this  direction  would,  in 
consequence,  be  less  than  across  the  grain, — and  we  know  that  most 
non-metallic  mineral  substances  are  very  imperfect  conductors, 
whereas  space,  or  air  rarefied  by  heat  or  exhaustion,  are  conductors, 
though  not  equal  to  the  metals  themselves. 

Darwin  and  Sharpe  (the  latter  in  his  paper  on  the  Highlands) 
put  forward  the  view  that  cleavage  and  foliation  are  identicid, — that 
is,  are  parts  of  one  and  the  same  process,  the  former  being  but  the 
first  stage  of  the  latter.  To  this  I  must  object,  and  I  beheve  that 
they  are  not  only  distinct  phaenomena,  but  that  the  causes  producing 
them  are  also  distinct ;  as  in  foliation  we  must  have  chemical  action 
broueht  into  operation,  whilst  in  cleavage  no  such  action  is  requisite, 
and  the  phsenomena  admit  of  a  mechanical  explanation. 
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We  can  only  regard  the  truly  cleaved  rocks  as  mechanical  ag^e- 
gates ;  and  the  more  foliated  or  crystalline  such  rocks  become,  the 
lessperfectly  do  we  find  the  cleavage-planes  developed. 

Tne  microscopic  researches  of  Sorbv*  and  others  have  proved 
that  in  sktes  possessing  the  most  per^t  cleavage  we  have  a  mass 
composed  of  minute  rounded  grains  of  mica,  decomposed  felspar, 
quarti-sand,  phosphate  of  iron,  and  other  substances,  all  easily 
recognizable,  and  having  all  the  characters  of  a  waterwom  deposit, 
apparently  not  in  anjr  wav  mineralogically  different  from  the  state 
they  were  in  when  originally  deposited  as  a  sediment.  In  fact  they 
are  nothing  further  than  a  consolidated  mud,  in  which  a  lamellar 
structure  Iws  been  induced  by  mechanical  action ;  and  the  synthetical 
experiments  of  Sorby  on  this  subject  give  the  most  conclusive  evidence 
as  to  the  mechanical  nature  of  cleavage ! 

Admitting  that  cleavage  and  foliation  were  identical,  how  incon- 
sistent with  the  parallel  structure  of  cleaved  rocks  should  we  find  the 
numerous  cases  of  complicated  and  contorted  foliated  structure,  which 
are  so  common,  and  where  it  is  almost  impossible  to  believe  that 
these  contortions  have  arisen  from  any  twisting  of  the  lines,  either 
of  stratification  or  cleavage,  as  the  mechanical  forces  then  brought 
into  play  would  be  so  compound  as  hardly  to  be  conceivable. 

It  must,  nevertheless,  be  admitted,  that  the  lines  of  foliation  and 
the  planes  of  cleavage  do  often  agree  and  are  paralld  to  one  another ; 
and  several  opportunities  of  confirming  this  have  come  imder  my 
observation. 

(Case  3.) — In  Espedalen,  Norway,  the  foliation  of  the  mica- 
schists  and  hornblende-gneiss  is  parallel  to  the  cleavage  of  the  clay- 
slates  of  the  district,  both  running  nearly  E.  and  W.,  and  dipping 
N.  at  various  angles  firom  10°  to  50  .  The  line  of  bedding  cannot  be 
determined,  but  seems  probably  to  be  in  the  line  of  cleavage. 

(Case  4.) — On  the  side  of  Loch  Lomond,  at  Luss,  I  observed 
tbat  the  day-slate  there  quarried  has  a  cleavage-strike  of  N.E.- 
S.W.,  and  Jap  of  70°  S. ;  the  stratification  being  uncertain.  A 
little  further  north  the  mica-schist  appeared  (the  points  of  contact 
were  hidden  by  the  soil),  and  the  strike  was  found  to  be  65°  N.£.-* 
S*W.,  with  a  dip  of  60°  to  S. ;  which  may  be  regarded  as  nearly 


(Case  5.) — In  the  slate-quarries  at  Luss  we  have  also  instances  of 
the  cleavage-hnes  being  bent  by  coming  in  contact  with  quartz-veins, 
just  as  described  by  Mr.  Sharpef ;  but  I  found  that,  where  these 
Teins  occurred,  not  only  were  the  ends  of  the  cleavage-planes  bent, 
but  around  the  quartz-vein  there  was  developed  a  distmct  curved 
foliation,  induced  bv  a  deep-green  chlorite,  with  here  and  there  a 
little  mica.  This  foliation  sometimes  extends  for  a  short  distance 
into  both  the  slate  and  the  quartz,  but  appears  quite  independent  of 
the  cleavage,  though  with  an  evident  relation  to  the  curves  of  the 
▼rins  themselves,  which  are  very  irregular.     The  quartz  itself  is 
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sometimes  foliated  by  the  chlorite,  so  as  to  resemble  a  green  mineral. 
The  annexed  diagram,  fig.  2,  will  give  an  idea  of  these  conditions. 

Fig.  2. — Quartz-vein  in  elay-slate  at  Luss,  Loch  Lomond,  Scotland. 

In  eeneral  in  foliated  rocks  there  is  a  totally 
altered  structure,  and  we  have  many  instanceB 
where  they  hardly  possess  any  character  in 
common  with  cleaved  rocks. 

Thus,  even  the  parallelism  of  the  lines  cannot 
be  considered  invariable;  we  certainly  ha^e 
some  cases  where  the  foliation  coincides  with 
the  bedding  and  not  with  the  cleavage,  and 
the  property  of  splitting  into  laminae  in  certain 
directions  is  often  not  possessed  by  foliated 
rocks  at  all,  particularly  if  the  foliating  minerd 
be  not  itself  of  laminar  structure. 

We  find  certainly  that  in  considerable  di- 
stricts of  country  the  cleaved  rocks  are  totally 
different  from  those  in  another  district,  just  as 
one  formation  might  be  expected  to  differ  from 
another ;   but  it  is  doubtful  if  we  ever  find 
such  abrupt  and  total  changes  as  come  in  such 
rapid  succession  in  the  beds  of  foliated  rocks. 
(Case  6.) — In  a  quarry  on  the  roadside  about  two  miles  fitim 
Crianlorich,  in  Perthshire,  I  found  the  strike  N.W.-S.E.,  with  dip 
30°  N.E. ;  the  rock  consisted  of  very  thin  beds  which  alternately  pre- 
sented the  character  of  perfect  and  highly  micaceous  mica-schist  and 
of  extremely  quartzy  schist,  so  that  it  was  not  possible  to  call  one 
single  linear  foot  by  the  same  name.     Other  cases  more  unusual  will 
be  noticed  in  the  course  of  the  communication. 

The  production  of  foliated  structure  is  not  confined  to  the  inbt>- 
duction  of  laminae  of  one  or  two  mineral  substances,  as  mica,  horn- 
blende, chlorite,  &c. ;  it  may  be  produced  by  minerals  widely  dif- 
ferent in  chemical  composition  and  mineralogical  character,  and  the 
presence  of  which  is  oidy  to  be  accounted  for  by  the  supposition  that 
the  constituent  elements  must  have  been  at  hand  in  the  unmetamor- 
phosed  rocks,  although  in  a  different  state  of  combination. 

It  is  apparently  also  a  necessary  requisite  in  the  production  of 
foliated  arrangement,  that  the  minerals  thus  formed  be  of  a  difieieDt 
chemical  constitution  to  those  composing  the  mass  of  the  rock  itsdf. 
I  may  here  bring  forward  some  instances  of  very  distinct  and  de- 
terminate foliation  produced  by  minerals  not  usiudly  found  nndor 
these  circumstances. 

(Case  7.) — On  the  heights  immediately  above  Christiansand,  in 
Norway,  probably  at  a  distance  of  two  nules  from  the  town,  the 
section  represented  by  fig.  3  was  taken.  The  prevailing  rock  is  here 
gneiss  (a  a),  composed  of  black  mica,  white  quartz,  and  white  and 
red  felspar,  with  sometimes  specks  of  black  oxide  of  iron.  The 
strike  of  the  foliation  runs  nearly  N.  and  S.,  and  the  dip  varies  from 
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Kg.  3. — Section  of  gneiss,  limestone,  and  granite,  at  StampeJ^^em, 

on  the  Heights  above  Christiansand,  Norway. 

W.  B. 


a  k        b    c       A.  b      e  c  b 

c,  f.  Gneist.  e,  e.  Bands  of  aagitic  gneiss  in  the  limestone. 

^  h.  Foliated,  crystalline,  pink     A,  A.  Granite  (each  band  is  about  10  ft.  thick), 
limestone. 

30°  to  45^  East.  The  strike  inclines  in  course  of  the  foliation  about 
10°  towards  S. 

The  section  here  represented  is  £.  and  W.  nearly^  or  at  right 
angles  to  the  strike ;  and,  coming  from  the  east,  we  have  first  the 
gneifls,  which  sometimes  is  slightly  granitic,  hut  always  preserves  its 
regular  foliated  structure ; — ^next  we  find  a  hed,  about  14  feet  thick, 
of  coarsely  crystalline  pink  limestone,  in  which  a  beautiful  foliated 
smngement  is  visible  (as  shown  in  the  specimens  now  exhibited),  by 
the  presence  of  numerous  small  crystals  of  a  green  augitic  mineral  and 
white  scapolite.  Sometimes  these  minerals  are  so  abundant  as  to 
present  a  very  striking  appearance,  at  other  times  we  have  only  single 
lines  of  these  crystals,  with  the  intermediate  limestone  free  from 
them ;  in  all  cases,  however,  both  in  this  bed  and  throughout,  they 
arrai^  themselves  in  distinct  lines,  which  are  invariably  parallel  to 
the  Imes  of  foliation  of  the  gneiss  itself.  No  tendency  to  split  along 
these  lines  is  present.  Next  we  have  some  small  beds  (c  c)  of  what 
may  be  termed  gneiss,  but  in  which  the  same  augitic  mineral  appears 
to  replace  the  mica,  giving  the  mass  a  green  appearance.  The  beds 
between  this  and  the  granite  are  of  limestone,  similar  to  the  above, 
bnt  of  white  colour  and  foliated  in  the  same  way. 

The  granite  (A),  which  now  shows  itself  and  is  about  10  feet  thick, 
is  composed  of  white  felspar,  quartz,  and  black  mica,  is  coarse-grained, 
and  follows  the  general  line  of  the  beds.  On  its  sides,  where  it 
toaches  the  limestone,  it  is  in  some  places  impregnated  to  a  small 
depth,  but  very  strongly,  with  the  same  green  augite ;  and  in  cavities 
at  the  junction  we  find  aggregations  of  garnets,  scapoUte,  and  augite, 
sometimes  finely  crystallized. 

Beyond  the  granite  we  have  beds  of  white  limestone  Uke  the 
former  and  similarly  interstratified,  if  we  may  use  the  term,  with  beds 
of  augitic  gneiss,  until  we  again  come  to  another  and  larger  vein  or 
bed  (^  granite,  of  similar  character  to  the  former  band,  and  under 
which  we  again  find  the  regular  gneiss,  still  preserving  the  unaltered 
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line  of  foliation.    In  the  different  beds  of  limestone  I  did  not  obsem 
anj  mica  whatever. 

(Case  8.) — On  the  other  side  of  Christiansand,  about  five  miles 
from  the  town,  west  of  Torresdale  Haver,  we  have  very  extensive  beds 
of  a  white  crystalline  limestone,  veiy  similar  to,  and  foliated  like,  the 
last-mentioned.  A  section  is  seen  in  fig.  4,  and  represents  a  qoarry 
near  the  top  of  a  mountain  called  Pusaasen. 

Fig,  4. — Section  of  gneUs  and  limestone  at  Pusaasen  Mountain^ 
near  Christiansand^  Norway, 


-c^  - 


a.  Granitic  gneiss ;  not  distinctly  foliated. 

b.  Quartzose,  brownish,  foliated  gneiss. 

c,  e.  White,  crystalline,  foliated  limestone  (about  15  feet  exposed). 
Xf  dr.  Indeterminable  broken  and  weathered  mass,  filling  joint. 

The  section  is  taken  about  parallel  to  the  strike,  or  40^  N.W.->S.E. 
The  strata  incline  towards  the  south,  and  dip  at  15°  S.W.  At  the 
top  of  the  section  on  the  north  side  we  have  a  considerable  mass  of 
gneiss  (a),  without  a  grain  (or  nearly  granite-gneiss),  with  no  foliated 
arrangement  apparent,  very  quartzy,  and  containing  but  very  little 
mica.  This  abuts  against  a  bed  of  very  quartzy  gneiss  (6),  where  the 
lines  of  the  foliation  give  the  appearance  of  its  having  been  doubled 
up.  This  gneiss  contains  numerous  cr^^stals  of  iron-pyrites  in  the 
hnes  of  foliation,  and  by  their  oxidation  it  has  acquired  a  rust-brown 
colour.  Between  these  two  gneiss  rocks  we  have  a  joint  filled  up 
with  a  broken,  decomposed,  and  weathered  mass  (x),  of  undistin- 
guishable  character ;  but  below  the  whole  is  a  large  bed  of  white 
crystalline  limestone,  foliated  by  lines  of  augite-crystals,  precisely  as 
in  the  last  case ;  the  foliation  is  here  parallel  to  the  upper  and  lower 
surfaces,  or  the  foliation,  of  the  gneiss  above  it.  About  15  feet  of 
the  limestone  bed  is  uncovered ;  the  lower  3  feet  is  coarser-grained 
than  the  upper  1 2  feet.  At  a  few  spots  mica  is  seen  present,  foliating 
the  limestone  in  a  similar  direction. 

(Case  9.) — On  the  same  side  of  the  Torresdale  River,  and  about 
two  miles  west  of  the  last  locality,  can  be  seen  an  extremely  interesting 
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case,  in  which  the  lines  of  foliation  are  carried  out  quite  independently 
of  the  nature  of  the  minerals  hj  which  they  are  formed. 

It  will  he  understood  by  referring  to  fig.  1,  p.  167^  where  we  have 
an  overlying  granite  (A),  below  this  a  bed  of  oroinary  black  micaceous 
gneiss  (a  a),  sending  forth  a  small  arm  (b),  y&tj  quartzy  and  losing 
itself  in  the  surrounding  white,  coarse-grained,  crystalline  limestone 
((/),  of  which  a  thickness  of  about  8  feet  is  uncoTcred  and  is  here 
repieaented;  in  this  we  find  several  blackish  detached  patches  of 
gneiss  (c). 

The  line  (//)  crossing  the  lower  part  of  the  section  represents 
an  apparent  line  of  bedding,  very  regular,  and  showing  itself  tne  more 
strongly,  from  the  foliation  of  a  few  inches  on  the  upper  side  princi- 
pally being  much  closer  than  throughout  the  rest  of  the  mass.  This 
line,  as  shown  in  the  section,  runs  nearly  £.  and  W.,  or  at  right 
angles  to  the  strike,  and  inclines  20°  from  N.  to  S.  The  strike  itself 
is  within  a  few  degrees  of  N.  and  S.,  and  inclines  15°  to  £. 

The  portions  of  the  limestone  marked  e  in  the  section,  fig.  1,  are 
foliated  by  crystals  of  blackish-green  to  light-green  augite  and  white 
scapolite  ;  in  the  part  marked  //  the  foliation  is  pr^uced  by  the 
presence  of  laminae  of  mica.  Now  when  the  lines  of  foliation  are 
examined,  which  are  well  developed  and  distinct,  it  will  be  seen  that 
these  invariably  run  in  one  direction  throughout  the  mass,  no  matter 
what  minerals  produce  the  foliation  itself;  also  that  this  direction 
comcides  with  tne  line  of  apparent  bedding. 

Not  many  yards  above,  and  at  right  angles  to  this,  the  section 
represented  in  fig.  5  was  made,  showing  as  much  as  was  uncovered 

Fig.  5. — Section  of  granite,  gneiss,  and  limestone  at  J€egersborg, 
near  Christiansand,  Norway, 


A.  Granite.  b.  Ordinary  gneiss. 

a.  Granitic  gneiss.  c.  Foliated  crystalline  limestone. 

by  soil  or  debris.  This  presents  a  much-disturbed  appearance ;  the 
central  part  appears  to  have  been  broken  through  by  a  fault,  and  we 
liave  on  the  east  side,  on  the  surface,  granite  ^A)  ;  below  this,  gneiss 
(a),  without  grain,  passing  into  regv^r  gneiss  (b),  and  then  the 
limestone  (c  e)  cut  up  by  granite.  On  the  other  side,  the  granite  is 
absent ;  and  we  have  gneiss,  similar  to  the  former  and  without  grain, 
at  top,  and  then  the  limestone,  in  which  roimded  masses  of  granite 
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are  seen,  aa  if  protrading  from  large  sappHes  behind.  We  alao  see 
a  smaU  vein  of  granite,  not  more  than  a  few  inches  thick,  losing 
itself  in  the  eraimess  gneiss  at  top.  We  have  lastly  some  gneiss 
showing  itseli  in  a  very  peculiar  shape,  and  becoming  grainless  when 
near  the  granite.  The  general  foliation  of  the  limestone  and  gnebs 
seems  to  agree.  The  section,  fig.  I,  p.  167,  would  cut  across  this  at 
the  extreme  right  of  the  diagram  where  the  distortion  is  least. 

(Case  10.) — ^Besides  the  more  regular  beds  of  limestone  here  de- 
scribed, sereral  apparently  quite  detached  pieces  (varying  oonsidentbly 
in  size)  may  be  seen  completely  surrounded  by  the  gneiss.  Fig.  6 
represents  the  shape  of  one  of  these  detached  masses  *.  The  limestone 

Fig.  6. — Outline  of  one  of  the  detached  limeetone-wuuseB  m  gwem 
at  Jagereborgy  near  Christianeand, 


is  precisely  similar  to  the  other,  and  is  foliated  by  the  same  minerals 
as  m  the  last  case ;  and  even  here  the  lines  of  foliation  in  the  gneiss 
appear  to  be  carried  out  without  disturbance  through  these  lime- 
stone-masses. 

(Case  1 1 .) — A  very  interesting  arrangement  of  the  foliated  stnio- 
ture,  very  similar  to  that  of  the  garnets  in  mica-schist,  was  found 
by  me  at  Lindflid,  on  the  borders  of  Ongsteens  lake,  between  Brats- 
berg  and  Nedeness  Amt,  in  Norway,  and  apparentlyextending over 
a  considerable  area,  probably  of  some  square  miles.  The  rock  here  is 
a  species  of  talc^  mica-schist,  and  contains  innumerable  nodules  of 
dicnroit,  of  a  white  or  bluish-white  colour,  sometimes  exhibiting  the 

Fig.  7. — Miea^ehiet  with  nodules  o/Diehroit,  Ongsteens  Fond, 
Norway, 


peculiar  and  characteristic  play  of  colours.  These  nodules  are  nearly 
of  a  size,  about  that  of  a  walnut,  and  the  foliation  of  the  mica  bendls 
itself  around  them,  producing  a  very  peculiar  appearance  from  the 
immense  number  of  the  nodules  present  and  the  extreme  wyiUnty 
of  their  disposition,  which  can  be  seen  at  a  glance. 

The  whole  would  appear  as  the  effect  of  some  arranging  force,  in 
conjunction  with  the  ordinary  action  of  foliation. 

The  cases  of  foliation  which  I  have  hitherto  brought  forward  hare 
been  all  caused  by  the  introduction  of  silicates,  but  in  many  cases  I 

*  Scbeerer  alio  has  some  remarks  on  the  occurrence  of  these  masses  d  lime- 
stone at  Christiansand,  N.  Mag.  f.  Naturv.  vol.  iv.  part  2,  p.  158. 
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have  observed  that  the  same  phaenomena  have  been  caused  by  the 
appearance  of  totally  different  chemical  compounds. 

(Case  12.) — ^At  Pusaasen,  a  little  north  of  east  of  the  locality  de* 
scribed  above,  and  illustrated  by  fig.  4,  p.  1 72,  we  have  a  bed  of  lime- 
stone, apparoitly  either  the  same,  or  one  paraUel  to  it,  vrhich  lies  on 
gneiss,  and  appears  to  run  in  the  same  direction  as  the  former. 
Here  I  found  that  several  feet  of  the  lower  part  of  this  bed  were 
foliated  by  the  introduction  of  the  mineral  termed  chondrodite  (a 
fluosilicate  of  magnesia),  which  was  arranged  perfectly  parallel  to  the 
micaceous  foliation  of  the  gneiss,  as  well  as  of  that  of  the  limestone. 
It  may  be  also  mentioned  that  the  chondrodite  here  is  associated 
with  the  black  spinel,  precisely  as  at  Sparta  in  the  United  States. 

I  have  also  observed  in  Norway  many  cases  of  foliation  where  this 
structure  has  been  induced  by  the  presence  of  small  laminae  or  folia 
of  oxide  of  iron,  sometimes  to  the  almost  total  exclusion  of  other 
foliating  minerals.  I  have  found  this  to  be  the  case,  on  the  small 
scal^  in  Nissedal,  at  Langoe,  and  at  Dybsund  Holm,  near  Krageroe. 
Qq  a  larger  scale,  it  appeared  at  Bonningen,  in  Drangedal,  where  the 
gneiss  was  often  very  strongly  foliated  by  scales  of  oxide  of  iron,  and 
having  a  very  characteristic  red  appearance.  This  foliation  appeared 
not  to  disturb  in  any  way  that  of  the  adjoining  gneiss. 

The  foliation  of  rocks  by  means  of  oxide  of  iron  is  not  peculiar, 
however,  to  Norway.  From  observations  recently  communicated  to 
me  by  Lieut.  Aytoun,  Bengal  Artillery,  this  is  often  the  case  in 
Hmdostan.  He  states  that  at  one  of  the  small  outliers  of  the  Kup- 
put-good  range  of  mountains  a  very  fine  example  of  this  may  be 
seen.  The  rock  is  a  siliceous  talcy  schist,  and  strikes  N.N.W., 
dipping  50^  £. ;  the  beds  thus  foliated  are  from  60  to  80  feet  thick, 
ana  extend  for  several  miles.  In  some  hand-specimens  received  from 
Mr.  Aytoun  there  are  portions  of  the  talcy  schist  having  the  talc 
entirely  replaced  by  scales  of  black  magnetic  oxide  of  iron,  which 
also  shows  itself  particularly  well  developed  along  the  joints. 

In  the  valley  of  the  Mulpurba,  about  eight  miles  south  of  Belgaum, 
in  the  Deccan,  Mr.  Aytoun  has  observed  many  instances  of  mica- 
schist  and  clay-slate  running  5°  N.W.,  and  dipping  80°  E.,  in  which 
small  bands,  from  ^  to  ^  inch  thick,  were  foliated  by  oxide  of  iron, 
and  many  hand-specimens  of  which  possessed  a  distinct  polarity. 

It  is  often  the  case  in  Norway  that  some  strata  or  parts  of  strata, 
extending  oftien  for  miles,  present  a  peculiar  foliated  arrangement, 
dne  to  the  introduction  or  appearance  of  certain  metallic  compounds 
and  the  greater  or  less  exclusion  of  the  usual  foliating  silicates.  Thus 
at  Kongsberg,  near  Tvedestrand,  in  Drangedal,  in  Espedalen,  and 
several  other  places  I  have  found  various  sulphurets  showing  them- 
selves ;  and  at  Modum  and  Snarum,  also  at  Y  ena,  near  Askersund  in 
Sweden,  arseniurets  show  themselves  imder  similar  circumstances. 

The  details  connected  with  these  occurrences  are  particularly 
interesting,  and  important  also  in  an  economical  point  or  view ;  but 
they  cannot  be  brought  within  the  limits  of  this  communication :  I 
trust,  however,  at  a  future  period  to  bring  some  observations  on  the 
subject  before  the  Society. 
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The  cases  already  described  show  in  some  measure  the  wide  range 
and  extraordinary  difference  in  mineralogical  or  chemical  compodtioa 
of  the  substances  producing  foliated  structure ;  and  I  think  it  nrast 
be  admitted  that  we  have  no  such  analogous  phsenomena  characteristie 
of  the  cleaved  rocks,  and  that  these  facts  would  be  opposed  to  the 
▼iew  that  cleavage  and  foliation  were  the  effects  of  one  action. 

Mr.  D.  Sharpe,  in  his  excellent  paper  ''  On  the  Foliation  and 
Cleavage  of  the  North  of  Scotland*/  has  brought  forward  another 
argument  in  support  of  the  identity  of  these  two  phsenomena,  nameij 
the  arrangement  of  grand  semicylindrical  arches  in  which  the  lines 
of  foliation  and  cleavage  together  form  the  defining  boundaries. 

Mj  excursions  in  Scotland  trere  too  short  to  form  even  a  faint 
idea  of  these  arches.  It  seemed  to  be  not  improbable,  however, 
that  these  lines,  which  appear  so  regular  upon  Mr.  Sharpe's  map, 
might  be  found  continued  into  Norway,  where  I  was  better  acquainted 
with  the  rock-structure.  I  could,  however,  make  nothing  of  them, 
and  must  candidly  confess  that  I  relapsed  into  that  state  of  despair 
described  by  Mr.  Sharpe  as  ''the  first  impression  of  an  obserrer 
entering  a  district  of  gneiss  or  schist  in  search  of  order  iu  the  arrange- 
ment of  their  folia."  The  geological  map  of  Norway  now  produced, 
and  which  is  by  Keilhau,  has  indicated  on  it  a  rSwmS  of  most  ob- 
servations of  strike  and  dip  made  in  that  country  prior  to  1849,  and 
probably  more  experienced  observers  than  myself  may  be  able  to 
reduce  these  lines  to  a  system.  I  am  sorry  that  time  nas  not  pe^ 
mitted  me  to  mark  down  on  the  map  a  great  number  of  observations 
made  by  myself  or  collected  from  friends,  since  its  publication. 
,  In  an  attempt  to  generalize  the  lines  of  foliation  in  the  district 
around  Arendal  and  Rrageroe  in  an  examination  of  that  tract  made  by 
Mr.  Dahl  and  myself,  and  published  last  year  in  Norwayt^  we  were 
unable  to  come  to  any  more  definite  conclusion  than  that  these  lines 
generally  varied  from  N.W.  to  £.  and  W.,  and  were  in  the  main  parallel 
to  the  line  of  coast.  The  dip  was  found  extremely  variable  at  all  angles, 
from  13^  to  90°,  S.E.,  S.,  up  to  S.W.  Contorted  arches  are  of 
constant  occurrence  in  the  gneiss  dbtricts  in  Norway,  but  they  seem 
to  be  connected  with  local  phenomena.  Some  are  very  interesting, 
and  the  arrangement  shown  in  fig.  8  is  one  difficult  of  explanation. 

(Case  13.) — ^We  have  in  fig.  8  a  section  of  a  ravine  near  Kn^eroe 
(the  section  being  broken  in  the  centre  to  admit  of  both  sides  being 
shown,  otherwise  impossible  from  the  scale).  The  ravine  at  the  bottom 
is  probably  not  50  feet  across,  and  the  precipice  of  the  side  is  about 
60  feet  high.  The  angles  dip  in  opposite  directions  on  the  respective 
sides  of  the  ravine;  on  the  one  side,  N.W.  at  various  angles  up  to 
vertical ;  on  the  other,  pretty  constant  at  about  60°  S.E.  The 
dotted  lines  show  what  may  be  supposed  to  have  been  the  contanua- 
tion  of  the  jagged  edges  of  the  strata,  and  are  confirmed  by  the 
blocks  of  similar  configuration  lying  loose  in  the  ravine  below. 

The  central  boss  a  represents  a  mass  something  between  granite 

*  Phil.  Trans.  R.  Soc.  London,  1852. 

t  See  also  Quart.  Journ.  Geol.  Soc.,  No.  42,  Part  11.  Miscell.  p.  9,  &c. 
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Rg.  8. — Section  at  Lykkens  Grube,  near  Krageroe,  Norway. 


b  *  M 

T.  Alluvium.  a.  Granitic  gneiss. 

A.  Granite ;  b,  c,  d,  b,  granite  veins.       6.  Ordinary  gneiss. 

and  gneiss,  of  undefined  character ;  and  above  is  seen  a  small  vein 
of  coaraelygrained  granite  (b)  containing  numerous  crystals  of  brown 
titanite.  'Die  contorted  structure  of  the  foliation  here  observed  is, 
I  think,  due  to  the  entrance  of  the  granite-vein  and  the  occurrence 
of  the  granitic  gneiss,  which  seems  in  this  case  to  be  nothing  more 
than  gneiss  into  which  granite  has  infiltrated  from  large  masses 
of  this  rock,  not  seen  in  the  section,  but  which  are  in  the  immediate 
neighbourhood. 

Now  as  to  the  influence  of  the  intrusion  of  the  igneous  rocks  on 
foliation,  it  seems  to  me  that  the  two  are  very  intimately  connected, 
and  that,  in  many  cases  at  least,  foliated  structure  seems  to  arrange 
itself  in  planes  connected  with  the  configuration  of  the  intruded  or 
imderlying  igneous  rocks. 

Mr.  Sharpe  admits  that  the  occurrence  of  such  rocks  has  a  very 
disturbing  influence  on  the  regularity  of  his  arches ;  but  it  may  be 
fairly  questioned  whether  such  arches  may  not  themselves  be  due  to 
the  i4)pearance  or  approach  of  such  igneous  rocks. 

Looking  at  Norway,  we  find  no  considerable  tract  of  country 
exempt  from  the  constant  occurrence  of  such  igneous  rocks  ;  and,  as 
fiir  as  my  experience  goes,  th^se  rocks  seem  generally  to  have  an 
iqpparent  influence  on  the  lines  of  foliation. 

Fig.  .3  (p.  171)  giTCS  a  good  illustration  of  this;  as  also  fig.  1 
(p.  167)  and  fig.  5  (p.  173). 

(Case  14.) — Fig.  9  also  represents  a  similar  case  at  Pusaasen  near 
Christiansand,  where  we  have  a  granite-vein  (A)  about  3  feet  thick, 
breaking  through  gneiss  (a)  into  crystalline  limestone  (c)  similar  to 
that  previously  described,  and  foUated  by  augite,  scapolite,  and  mica ; 
below  the  smdl  vein  of  granite  (B),  the  gneiss  (5)  is  more  calcareous 
ind  angitic  ;  but  above,  it  is  of  the  ordinary  character,  and  does  not 
contain  carbonate  of  lime.  The  strike  is  £.  and  W.,  and  the  dip  25^ 
to  the  South. 

VOL.  XI. — PART  I.  O 
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Fig.  9.  ^Section  at  PuM^aseriy  CkrisHansand. 


a.  Gneiss.  A.  Granite  vein  (3  feet  thick). 

b.  Calciferous  and  augitic  gneiss.  B.  Smaller  granite  vein. 

c.  Foliated  crystalline  limestone. 

The  foliation  here,  in  the  gneifls,  in  the  augitie  calcareoiu  gneiss, 
and  in  the  limestone,  is  parallel  in  each  rock,  and  to  the  general  ran 
of  the  imbedded  vein  of  granite. 

On  the  coast  near  Krageroe  we  have  also  numberless  instances  of 
the  foliation  of  the  gneiss  having  the  same  direction  as  the  veins  of 
granite  may  have  on  an  immense  scale.  Near  Smedsbugten  we  have,  for 
instance,  no  less  than  seven  enormous  veins,  or  rather  beds,  of  granite 
visible  on  the  side  of  the  mountain  arisingabruptly  from  the  sea,  and 
all  of  which  run  N.N.E.,  dipping  to  the  W.  at  an  angle  of  about  40°. 
Between  each  of  these  are  great  beds  of  gneiss,  the  general  foliation 
of  which  is  parallel  to  the  beds  of  granite,  and  the  whole  appears  to 
be  several  hundred  feet  in  height. 

In  the  paper  by  Mr.  Dahl  and  myself,  previously  quoted,  other 
instances  will  be  found. 

It  is  frequently  also  the  case,  where  veins  of  trap  make  their  ap- 
pearance, that  the  foliation  is  found  parallel  or  greatly  influenced. 

On  the  side  of  the  road  about  two  miles  from  Inveranion,  in 
Perthshire,  I  observed  a  vein  of  grey  porjAyritic  trap,  containing 
specks  of  iron  and  copper  pyrites,  and  runninir  N.-S.,  with  a  dip  (^ 
20°  W. 

On  both  sides  of  the  trap,  the  mica-schist,  which  was  quartzy  and 
contained  black  mica,  had  tne  same  angle  of  foliation  as  the  imbedded 
trap- vein. 

This  I  found  also  to  be  the  case  about  two  miles  further  north 
from  this,  where  a  large  vein  of  syenitic  trap,  running  nearly  hori- 
zdntal,  showed  itself.  Here,  however,  as  smdl  veins  ramifled  from 
the  main  body  of  trap,  the  coincidence  was  not  always  so  carried  oat 
as  in  the  previous  case. 

Similar  cases  to  these  were  found  in  Drangedal,  at  Yedfald,  where 
two  vems  of  mottled  serpentine-trap  made  their  appearance. 

fV^r^  *^®  intrusion  or  approach  of  igneous  rocks  is  always  the  cause 
01  foliated  structure  cannot  be  insisted  upon ;  and  I  am  aware  that 
many  cases  occur  exhibiting  appearance^  quite  different  from  the  abore- 
mentioned :  stiD  at  the  same  time  it  is  a  circumstance  worthy  of  con- 
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nderitiaii,  as  bang  in  some  cases  the  agent  in  causing  as  well  as 
modifying  foliated  stracture. 

Whatever  may  be  the  cause  of  the  arrangement  of  foliation  in  cer- 
tain directions^  I  believe  that  most  geologists  agree  in  supposing  that 
foliation  itself  is  due  to  the  action  of  heat,  which  has  Kducdl  the 
rock  in  situ  to  a  fluid,  or  at  least  semifluid  state,  to  which  some  add 
the  action  of  ^ases  and  pressure. 

On  this  pomt  I  would  wish  to  make  some  remarks ;  and  I  may 
premise  by  stating,  that  to  me  foliation  appears  to  be  the  result  of 
chemical  action  in  recombining  the  elements  existing  in  amorphous 
sedimentary  rocks,  together  with  a  simultaneous  molecular  move- 
ment of  the  products  thus  formed ;  also,  that  this  action  is  efiected 
by  heat,  but  has  taken  pkce  at  temperatures  lower  than  even  neces- 
sary to  change  the  external  form  of  the  massesi  or  to  produce  any 
aemifusion  or  even  softening. 

As  corroborative  of  this,  I  may  refer  to  fig.  10,  which  Keilhau 

Fig.  10. — Section  of  the  gneiee  in  the  Island  o/Jom/hUand, 
Norway. 

Ill,  ; 

nil  I 
1 1 1 1  I 
If  II  I 


bas  also  observed  and  made  mention  of*.  It  represents  an  appear- 
ance in  the  gneiss  on  the  island  of  Jomfruland. 

Here  we  have  a  vein  of  homblendic  character  runniog  across  the 
gneiss,  and  disturbed  by  the  fault  AB,  which  throws  it  downwards. 

On  examining  the  lines  of  foliation,  it  will  now  be  found  that  those 
lines  which  are  most  distinct  are  not  at  all  affected  by  the  fault,  and 
oontmue  throughout  with  the  greatest  regularity ;  so  that  it  can 
hardly  be  doubted,  that  the  foliation  of  the  gneiss  took  place  later 
than  the  formation  and  subsequent  dislocation  of  the  hornblende  vein ; 
and  consequently  we  cannot  suppose  that  the  mass  could  have  been 
in  a  fused  or  softened  state  at  the  time  of  foliation  without  the 
obliteration  of  these  appearances.  Again  referring  back  to  fig.  8, 
p.  1 77,  it  will  be  seen  that  the  fault  b,  the  origin  of  which  apparently 
was  previous  to  or  simultaneous  with  the  granite-vein,  has  altered  the 
position  of  the  foliation  on  the  one  side  and  bent  it  upwards.  The 
faults  c,  D,  and  e  do  not  effect  this  at  all. 

If,  however,  the  rock  had  been  in  a  semifused  state  when  foliation 
took  place,  or  when  the  granite-vein  was  injected,  we  should  have 

*  Nonke  Magazm  for  Natimridenakab,  vol.  iii.  p.  175. 
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enpected  that  the  faults  would  have  been  obliterated,  or  that  both 
sides  would  have  been  equally  affected. 

At  the  limestone  quarry  on  the  road  to  Crianlorieh,  previously  de- 
scribed, p.  166,  where  the  limestone  is  foliated,  we  have  the  fohation 
affected  by  faults  and  curved,  and  in  one  place  a  portion  enclosed 
between  two  faults  had  the  foliation  curved  on  both  sides  in  a  nearly 
circular  direction ;  so  that  there  is  here  also  reason  to  believe  that 
the  foliation  took  place  subsequently  to  the  faults,  which  otherwise 
would  not  have  retained  the  sharp  and  defined  angles  here  seen. 

In  submitting  this  opinion  as  to  the  temperature  at  which  foliation 
took  place,  it  can  be  objected,  however,  with  reason,  that  in  the  present 
state  of  chemical  science  we  have  no  right  to  assume  that  such  che- 
mical action  and  arrangement  can  take  place  in  solid  bodies  without 
external  change  of  form.     Chemists  vnll  no  doubt  admit  that  in 
hamogeneoui  bodies  of  one  composition  we  may  have  a  complete 
change  of  molecular  arrangement  without  any  change  of  form; — thus, 
that  a  mass  of  bar-iron  firom  being  fibrous  may  become  crystal- 
line— 
that  sugar-candy  may  firom  an  amorphous  state  become  crystil- 

line — 
that  large  crystals  of  sulphur  may  change  their  structure,  be- 
coming an  aggregate  of  small  crystals  belonging  to  a  different 
crystalline  system — 
that  the  sandstone  bed  of  a  blast  ftimace  or  the  bricks  of 
kiln-vralls  may  by  the  action  of  heat  acquire  a  columnar  or 
basaltic  structure. 
But  in  aU  these  cases  we  have  no  chemical  action,  no  production  of 
other  and  totally  distinct  compounds  as  in  foliated  rocKS, — ^we  have 
only  the  results  of  a  molecular  arranging  force*.     It  is  necessary, 
therefore,  before  the  view  I  have  brought  forward,  with  reference  to 
the  production  of  foliated  rocks  at  comparatively  low  temperatorn, 
can  be  securely  established,  that  we  have  some  data  to  prove  that 
such  action  and  changes  can  really  take  place.     I  endeavoured, 
therefore,  to  procure  experimental  proof  of  this  with  direct  reference 
to  the  rocks,  but  met  with  many  difficulties. 

Thus,  I  often  could  not  succeed  in  regulating  the  heat  to  sustain 
such  temperatures  as  seemed  necessary,  and  found  that,  the  instant  a 
pasty  or  semifluid  state  was  induced,  I  could  not  obtain  satisfactoTj 
results.  The  action  of  the  air  in  oxidizing  the  iron  present  as  prot- 
oxide to  the  state  of  peroxide  also  introduced  a  new  element  whidi 
would  have  been  gladly  dispensed  with. 

On  taking,  however,  a  rock  like  steatite,  which  we  have  in  Norway 
in  such  quantities  as  to  use  it  as  a  building-material, — and  which  is  at 
once  one  of  the  most  infusible  of  rocks,  and  nearly  altogether  free 
firom  iron, — I  was  not  annoyed  by  the  above  difiiculties,  but  found 
another  obstacle  in  the  way. 

The  results,  however,  on  prolonged  treatment  of  this  rock,  were 
so  satisfactory  as  to  be  very  encouraging  as  a  beginning,  and  I  found 
that  a  slightly  foliated  structure  was  evidently  being  induced.    The 

*  See  also  Hausmann  on  Anenikglas,  &c.,  Quart.  Journ.  Geol.  Soc  toI.  vii. 
part  2,  page  2. 
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pieces  subjected  to  heat  were,  however,  always  more  of  less  broken 
up  and  fnable,  evidently  from  the  unequal  expansion  and  contraction 
of  the  mass.  To  obviate  this,  it  seemed  necessary  to  have  the  auxi- 
liaiy  aid  of  pressure  ;  and,  in  order  at  the  same  time  to  make  expe- 
riments on  a  somewhat  larger  scale,  I  proceeded  as  follows. 

Having  some  small  blast-furnaces  at  disposition,  I  placed  slabs  or 
blocks  of  the  rocks  in  question  under  the  bottoms  of  them,  which 
were  composed  of  a  stamped  mixture  of  clay  and  charcoal-dust, — and 
which  consequently  protected  them  from  the  action  of  the  air,  whilst 
at  the  same  time  they  were  exposed  to  a  certain  amount  of  pressure 
(rem  the  slag  and  metal  above  them.  This  pressure  varied  as  the  sump 
was  filled  with  slag  or  metal,  or  a  mixture  of  both,  and  as  the  former 
was  of  average  density  3,  and  the  latter  5,  and  as  the  depth  was 
aboQt  3  feet,  we  might  have  a  pressure  of  from  7  to  12  lbs.  per  inch. 
These  experiments  were  made  in  Norway  in  a  district  where  no  great 
variety  of  rocks  were  obtainable,  and  as  they  occupied  a  very  long 
time  I  can  only  here  give  the  results  of  one  or  two,  which,  however, 
are  so  far  satisfactory. 

I  exposed  large  slabs  of  an  impure,  rather  micaceous  clay-slate, 
about  4  inches  thick,  6  feet  long,  and  4  feet  broad,  under  these  dr- 
comstances,  to  the  action  of  heat  continued  for  some  months,  but 
which  never  was  so  intense  as  to  cause  fusion  or  even  softening,  as 
the  slabs,  even  if  they  had  been  broken  up,  retained  their  original 
outward  form  and  sharp  edges.  From  the  pressure  and  the  unequal 
distribution  of  the  superincumbent  weight,  they  were  very  frequently, 
if  not  always,  broken  up,  and  consequently  had  to  be  removed,  so  that 
generally  some  metal  or  slag  is  adherent  to  the  pieces ; — ^also  it  some- 
times happened,  when  little  cracks  had  arisen  in  the  protecting  lining 
of  day  and  charcoal,  that  the  pieces  would  be  found  permeated  to 
^;reat  distances  with  small  veins  of  metallic  matter,  so  fine  as  to  render 
It  astonishing  how  it  could  have  occurred.  In  aU  cases,  however, 
where  a  softening  had  taken  place,  the  result  was  spoiled,  and  the 
foliated  arrangement,  which  is  otherwise  so  distinct,  would  be  more 
or  less  obliterated  or  totally  destroyed. 

From  the  specimens  now  shown  to  the  Society  it  will  be  seen  that 
the  orinnal  slate  is  unrecognizable,  and  that  we  have  a  rock  of  a 
white  mrobably  feldspathic)  ground,  with  specks  of  a  black  mineral 
arranged  with  a  distinct  foliated  structure.  The  appearances  here 
presented  are  strikingly  like  some  of  the  rocks  of  the  district,  where 
syenite  comes  in  contact  with  mica-slate. 

The  specimens,  though  not  large,  are,  I  think,  quite  characteristic. 

Agam,  on  repeating  these  experiments  with  soapstone,  using 
blocks  of  this  material  (which  is  very  abundant  and  is  cut  up  with 
axes  and  saws),  I  formed  the  bottom  of  a  furnace  of  cubes  of  this 
stone,  1  foot  square,  demented  by  Stourbridge  clay.  After  several 
months,  under  precisely  similar  circumstances,  the  blocks  retained 
their  external  form  and  their  sharp  edges  precisely  as  at  first ;  even 
the  axe-marks  can  be  distinguishea  upon  them. 

On  fracture,  however,  it  is  seen  that  in  parts  they  have  all  the 
outward  appearance  of  the  chlorite  found  at  Brevigstrand  in  Norway ; 
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and  here  and  there  we  observe  small  a^regations,  evidentiy  amin^ 
from  fordgn  matters  present  in  the  original  soapstonc,  which  bm 
separated  themselves.  ,  •    i    -^  «f 

In  repeating  this  experiment  with  a  view  to  the  economical  nsc  of 
soapstonTfor  the  bottom  of  furnaces,  I  found  that  the  metal  had 
brolen  through  the  protecting  hning  (which  in  this  case  was  notw 
thick),  and  had  gone  right  through  the  substance  of  the  wapsto^ 
blocki  which  had  actel  as  a  filter.    The  blocla  themaelv«  retained 
their  form  completely,  and  were  perfect  at  the  jomts ;  but  bdow 
them  was  found  a  large  mass  of  metal  which  had  percolated  througb 
them ;  and  the  blocks  themselves  were  converted  mto  heavy  scim- 
metalHc  masses,  much  resembling  in  appearance  the  magneaan  rocM 
impreffuated  with  metalHc  ores  found  m  the  veins  of  this  district,  u 
was  abo  easy  to  see  that  an  arranging  force  had  Wcewise  come  mto 
play,  as  the  sulphurets  of  the  various  metals  previously  enstmg  m 
ike  matte  as  a  homojjeneous  compound,  were  here  separated  and 
showed  themselves  distinctly  crystalline. 

Many  other  experiments  of  a  similar  character  were  made ;  but, 
as  they  were  principally  connected  with  the  formation  of  minerals, 
they  are  not  so  immediately  related  to  this  subject. 

The  above  facte  are,  however,  I  thmk,  sufficiently  condimve  to 
show  that  we  may  have  an  altered  chemical,  as  well  as  molecular, 
arrangement  at  temperatures  below  that  at  which  softenmg  is  pro- 
duced. . 

That  we  may,  however,  sometimes  have  an  arrangement  Mialogous 
to  foliated  structure  in  rocks  generally  considered  as  of  igneons 
origm,  and  which  have  been  fluid,  must  be  admitted.  The  structure 
of  graphic  granite  illustrates  this  well ;  and  Sedgwick  mentions  that 
the  granite  of  St.  Austell  in  Cornwall  has  a  grain.  Keilhau  men- 
tions*, that  in  a  granitic  rock  at  a  place  called  Salmelic,  in  Norway, 
he  found  a  parallel  structure,  sufficiently  distinct  to  determine  a  shtte 
and  dip,  induced  by  the  presence  of  crystals  of  flesh-coloured  ortho- 
klase. 

This  arrangement  cannot,  however,  I  think,  have  anything  m 
common  with  that  found  sometimes  in  volcanic  rocks,  and  which  b 
often  seen  in  slags  and  glass,  produced  artificially,  and  which  scot 
probably  due  to  similar  causes  as  those  producing  the  ribboned 
structure  of  glacial  ice.  In  the  specimen  of  glass  here  produced  we 
have  an  arrangement  evidently  due  to  this  cause  and  to  a  subsequent 
crystallization  superadded,  in  which  the  cirstalline  arrangement  htf 
followed  the  strue  of  the  glass,  previously  invisible.  Some  rodo 
certainly  igneous  may  have  been  formed  in  a  similar  manner ;  but 
here,  in  the  case  of  the  glass,  we  do  not  have  the  chemical  action  as  m 
the  production  of  foUated  rocks ;  since  the  glass  is  only  to  be  regarded 
as  a  homogeneous  body,  modified  by  crystalline  forces,  accordmg  to 
pre-existing  lines. 

It  wiU  be  found  that  many  minerals  apparently  possess  in  them- 
selves a  certain  independent  arranging  power.     Minerals  do  notorij 

*  Norake  Mag.  f.  Naturv.  vol.  ii.  p.  372. 
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show  themselyes  in  the  ssme  crystalline  form,  but  have  likewise  a 
tendencj  to  arrange  themselves  preferably  in  certain  figures.  Thus 
cryBtals  of  CTossular  from  Brerig,  in  Norway,  almost  alwa3rB  occur  as 
hexagonal  rmgs  of  single  crystals,  the  interior  and  surrounding  mass 
being  only  the  matrix.  Crystals  of  aueite  from  the  Canary  Islands 
were  found  to*  arrange  themselves  panwel  to  the  long  axis  of  the 
prism.  Many  other  instances  might  be  cited  that  are  doubtless  quite 
bmiliar. 

I  have  now  only  to  notice  some  points  r^;arding  the  chemical 
eomposition  of  the  foliated  rocks,  as  compared  with  the  other  truly 
Kdimentary  beds. 

This  has  by  some  been  considered  so  different  as  to  preclude  the 
idea  that  foliated  rocks  have  been  formed  from  rocks  similar  to  the  . 
present  formations,  without  supposing  that  some  ingredients  must 
nave  been  added  to,  or  taken  away  from  such. 

Thus  the  amount  of  alkali  has  been  supposed  much  greater.  On 
wramining  the  later  analyses  by  Taylor  of  the  carboniferous  rocks, 
Hunf  B  analyses  of  the  lower  and  upper  Silurian  rocks,  and  others, 
it  will  be  seen  that  when  we  subtract  the  organic  matter  and  other 
volatile  substances,  as  carbonic  acid,  &c.,  we  have  then  no  greater 
difference  than  that  usually  found  in  different  series  of  the  foliated 
rocks.    In  fact,  many  of  these  contain  but  very  little  alkali. 

Bischoff  makes  hornblende-schist  to  contain  only  1  '45  per  cent,  of 
potash  and  soda  together,  and  the  averages  of  two  analyses  of  mica- 
sbte  give  6*67  per  cent,  of  alkali;  but,  considering  that  the  quartzy 
ichist  contains  so  much  less,  the  average  will  probably  not  be  more 
than  we  find  in  the  fossiliferous  strata.  Thus  Hunt  found  in  the 
apper  and  lower  Silurian  beds  of  East  Canada  5*05  and  5*59  per  cent. 
01  alkali  respectively. 

In  the  ckyslates  (asoic)  of  Norway,  Kjerulf  has  found*  between 
5  and  6  per  cent.,  and  some  of  the  slates  analysed  by  Bischoff  gave 
np  to  8^  per  cent. ;  but  whether  fossiliferous  or  not,  is  not  mentioned. 
I  think,  therefore,  there  is  no  necessity  for  supposing  with  Forch- 
hammer  that  the  alkali  in  the  foliated  rocks  is  derived  from  the 
vapours  of  potash  and  soda  exhaled  from  the  melted  granite.  This 
new  is  so  extremely  Plutonic,  that  I  think  it  ought  only  to  be  ac- 
cepted when  we  can  find  no  more  moderate  doctrine.  It  seems  to  me 
more  probable,  that,  if  there  really  was  a  deficiency  of  alkali  (which 
I  doubt)  in  the  strata  before  being  metamorphosed,  or  rather  foli- 
ated, m  Norway  (as  Forchhammer  especially  alludes  to  the  Norwegian 
rocks),  we  should  rather  seek  to  account  for  its  subsequent  presence 
by  the  supposition  that  these  strata  have  been  changed  whilst  sub- 
merged, and  by  the  infiltration  of  sea-water  and  consequent  decom- 
position of  the  salt  by  silica.  * 

This  is  consistent  also  with  the  known  upheaval  of  the  land  in 
Norway. 

Keiuan  has  advanced  the  idea  of  a  silicification  of  the  limestones 
as  they  approach  the  crystalline  rocks.     I  have  analysed  several ; 

*  Nonke  Mag.  f.  Naturvid.  toI.  vlii. 
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namely^  from  Stampekjiern,  Jsegersbore,  and  Pusaasen,  nearChiutian- 
sand,  from  Boedalen,  in  Gulbrandsdalen,  and  dolomite  from  seYeni 
localities  near  Krageroe,  as  well  as  crystallme  calc-spar  Yems  neir 
Arendal;  but  in  none  of  these  specimens  have  I  found  this  the  case;  and 
no  silica  was  present  except  that  contained  in  the  mechanically  inter- 
mixed minerals.  In  fact,  the  hmestone,  on  the  oontraxj,  seems  gene- 
rally purer  than  that  found  in  fossiliferous  strata ;  and  this  is  aD- 
counted  for  by  the  tendency  which  the  chemical  action  prodndng 
foliation  has  to  separate  and  recombine  all  extraneous  matters. 

In  one  of  these  limestones  and  in  several  of  the  azoic  rocks»  I  hate 
found  considerable  per-centages  of  carbon  present.  This  has  sbo 
been  found  to  be  the  case  by  Kjerulf,  who  has  found  as  much  as 
4|  per  cent,  of  carbon  in  some  of  the  clay-slates  of  Norway. 

I  have  also  observed  the  frequent  occurrence  of  graphite  (which 
may  be  looked  upon  as  foliated  carbon)  in  these  rocks,  often  devdoped 
on  the  sides  of  the  joints,  as  in  Svadsum,  Gusdal,  Opdal,  and  omer 
places. 

Again,  anthracite  occurs  in  the  gneiss,  at  Kongsbei^  and  netr 
Arendal ;  at  the  point  of  junction  with  the  gneiss  at  Narestoe  I  haie 
found  it  in  nodules  in  the  granite.  Phosphate  of  lime  is  also  fie- 
quently  present  in  the  gneiss. 

From  these  facts  it  would  appear  not  unreasonable  to  question 
whether  many  of  the  metamorphic  rocks  of  Norway  may  not  ori- 
ginally have  resulted  from  the  alteration  of  fossiUferous  strata,  without 
at  the  same  time  at  all  deviating  from  Sir  Roderick  Murchison's  views 
in  his  admirable  exposition  of  the  Norwegian  Silurian  system ;  as  we 
may  supnose  that  this  very  system  may  have  covered  considerable 
areas  of  the  country,  and  by  its  destruction  given  rise  to  at  least  some 

Cof  the  present  metamorphic  or  cryst^line  rocks.  In  fact.  Sir 
erick  Murchison  has  described  in  his  paper*  a  case  where  a  por- 
tion of  the  Silurian  system  near  Christiania  has  actually  undergone 
a  change  into  gneiss  by  contact  with  granite. 

Without  going  further  into  detail  as  to  the  chemical  relatioDS  of 
this  part  of  the  subject,  I  think  that  the  observations  and  remarks 
which  I  have  just  laid  before  the  Society  would  tend  to  strengthen 
the  evidence  in  favour  of  the  following  views  : — 

1 .  That  foliation  and  cleavage  are  two  distinct  processes  not  neces- 
sarily connected ;  and  that  those  cases  where  tW  are  paralld  or 
identical  generally  result  from  previously  induced  deavage-structnre. 

2.  That  foliated  structure  is  the  result  of  chemical  action  com- 
bined with  a  simultaneous  arranging  molecular  force,  developed  at 
heats  below  the  fruion  or  semi-frision  of  the  rock-masses ;  and  that, 
when  we  find  a  similar  structure  induced  in  rocks  which  are  known 
to  have  been  previously  in  a  fused  state,  this  has  been  developed 
subsequently  to  the  sofidification  of  such  rocks. 

3.  That  the  arrangement  of  foliation  is  often  due  to  the  presence  or 
proximity  of  igneous  rocks,  and  has  a  tendency  to  follow  the  direction 

*  Quart.  Journ.  Geol.  Soc.  voL  i. 
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of  any  lines  present  in  the  rocks,  whether  of  deayage,  of  stratifica- 
don,  or  of  strise  of  fosion, — following  preferably  those  lines  offering 
least  resistance ;  and  histly,  that  there  are  considerable  reasons  for 
supposing  that  the  foliated  rocks,  even  of  Norway,  may  be  chemically 
altered  fossiliferous  strata. 

In  conclusion,  I  haye  but  to  add,  that,  in  layins  these  remarks 
and  obseryations  before  the  Society,  I  haye  hoped  that  they  might 
not  be  altogether  unworthy  of  notice,  notwithstanding  that  they  may 
in  some  points  differ  from  the  yiews  already  set  forth  by  yery  eminent 
geologists.  _^«.« 

February  16,  1855. 

Annual  General  Meeting.  [For  Reports  and  Address,  see  the 
beginning  of  this  Volume.] 

February  21,  1855. 

Edward  Hull,  Esq.,  A.B.,  was  elected  a  Fellow. 

The  following  communication  was  read : — 

Oil  the  Occurrence  of  Angular,  Subangular,  Polished, 
and  Striated  Fragments  and  Boulders  in  the  Permian 
Breccia  of  Shropshire,  Worcestershire,  ^c.  ;  and  on  the 
Probable  Existence  of  Glaciers  and  Icebergs  tn  the 
Permian  Epoch.    By  ANDREyv  C.  Ramsay,  F.R.S.,  F.G.8. 

Introduction. — The  sedimentary  strata  which  contain  the  frag- 
ments of  striated  and  polished  rocks  to  which  I  am  about  to  cful 
attention  belong  to  the  inferior  portion  of  that  which  has  been 
defined  as  the  *'  Permian  Group "  by  Sir  Roderick  Murchison,  the 
true  geoloncal  horizon  of  which  in  England  was  first  explained  by 
Professor  Sedgwick,  in  his  celebrated  memoir,  **  On  the  geological 
relations  and  internal  structure  of  the  Magnesian  Limestone  and  the 
lower  portions  of  the  New  Red  Sandstone  series,"  &c.  It  is  of  the 
last-named  division  of  this  series  that  they  probably  form  a  part. 

The  speciality  of  the  subject  of  this  memoir  scarcely  requires  me 
to  enter  upon  points  connected  with  descriptiye  geology  further  than 
may  be  needful  to  explain  the  true  position  of  tne  Breccias  alluded 
to ;  and  the  detailed  sections  subsequently  given,  having  that  object 
in  view,  should  therefore  be  considered  chiefly  as  explanatory  of  the 
general  relations  of  the  subdivisions  of  the  Permian  and  Bunter 
strata  to  each  other.  It  is,  however,  proper  to  state  that  the 
general  position  of  the  Permian  rocks  skirting  the  coal-fields  of 
^orth  Wales,  Coalbrook  Dale,  and  Staffordshire  was  first  indicated 
in  Sir  Roderick  Murchison's  Map,  published  in  1839*.  They  are 
there  coloured  as  Lower  Red  Sandstone  with  subordinate  calcareous 
oonKlomerates  ;  and  their  lower  boundary  he  defined  by  the  outcrop 
of  the  Coal,  while  the  upper  he  shaded  off  into  the  New  Red  or  Trias 

*  *  Silurian  System.' 
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properly  so  called.  The  line  of  demarcation  between  the  Permian 
and  Bunter  rocks  has,  howeyer,  lately  been  accurately  defined  by  the 
Geological  Survey,  and  while  some  supposed  Permian  areas  bore 
been  expunged  from  the  map,  others,  that  up  to  this  time  have  been 
considered  of  Triassic  age,  have  been  added  to  the  Permian. 

In  the  great  work  on  the  Silurian  rqgion,  &c.,  the  structure  of  the 
Permian  rocks  is  also  truly  described  near  Alberbury,  EnviUe,  and  in 
South  Staffordshire,  and  the  beds  of  calcareous  conglomerate  near 
Enville  and  the  lickey  are  mapped  and  clearly  described*. 

Respecting  the  Breccias  (which  are  quite  distinct  from  these  con- 
glomerates), up  to  this  date  different  views  have  been  taken  by  geo- 
logists from  that  advocated  in  this  memoir,  for  most  of  the  patdies 
have  been  considered  either  as  immediately  connected  with  volcanic 
outburstsf,  or  else  described  as  stratified  trappoid  conglomerates, 
containing  a  few  fragments  of  stratified  rocks,  the  whole  being  sup* 
posed  to  be  derived  from  neighbouring  igneous  masses,  or  from  me- 
tamorphosed strata  now  concealed^.  After  a  prolonged  examination 
of  every  part  of  these  breccias  in  Staffordshire  and  Woroestershiie, 
and  of  every  opening  exposed,  whether  by  nature  or  in  quarries,  and 
after  many  hundred  specimens  were  broken  and  examineci  by  myself 
and  others  on  the  Geological  Survey,  I  have  come  to  the  condusion 
that  in  every  locality  they  are  truly  sedimentary  and  rudely  stratified, 
and  also  that  the  fragments  were  rarely  derived  from  neighbouring 
rocks,  but  generally  had  travelled  from  a  distance.  It  is  satisfactory 
to  find,  that  as  regards  the  stratified  and  hthological  character  of 
these  fragments,  I  am  borne  out  by  so  distinguished  an  authority  as 
Dr.  Bucldand,  who  in  1819  most  accurately  described  this  breoda  as 
it  occurs  in  the  Bromsgrove  Lickey  and  Clent  Hill  range,  stating  its 
true  sedimentary  nature,  and  that  it  contains  *'  pebbles  that  agree  in 
substance  with  the  quartz-rock  of  the  Lower  Lickey,  mixed  with 
pebbles  of  common  white  quartz,  black  and  vari^ted  jasper,  f&atj 
and  chloritic  slate,  many  varieties  of  porphyry,  and  of  grey  and 
variegated  compact  and  granular  sandstone §.''  Allowing  for  differ- 
ences of  nomenclature,  it  is  easy  to  see  that  the  character  of  many  of 
the  fragments  is  the  same  with  some  of  those  subsequently  described 
in  this  memoir. 

In  the  summer  of  1852  I  traced  the  boundaries  of  the  Permian 
breccias  that  run  between  the  Bromsgrove  Lickey  and  the  Clent 
HUls,  having  previously  visited  similar  rocks  on  the  flanks  of  the 
Abberley  and  Malvern  range.  Though  much  struck  with  the  size 
and  angularity  of  the  fragments,  and  with  the  marly  paste  in  which 
they  are  imbedded,  I  did  not  then  venture  to  propose  to  myself  the 
solution  of  these  and  other  peculiarities,  at  which  I  have  since  arrived, 
viz.  that  they  are  chiefly  formed  of  the  moraine  matter  of  glaciers, 
drifted  and  scattered  in  the  Permian  sea  by  the  agency  of  icebergs. 

!  'i^?*"  System,'  p.  59.  f  I^id.  pp.  138, 139,  496,  &c 

t  Professor  PhiUips's  "  Geology  of  the  Malvcm  HiUs,"  Ac.  p.  162.    See  alio 
Mr.  Jukes's  "  Memoir  on  the  South  Staffordshire  Coal-field." 
§  Trwisactions  of  the  Geological  Society,  Ist  Series,  vol.  v.  pt.  2.  p.  507. 
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Bat  when,  in  connexion  with  my  duties  on  the  Geological  Snirey,  I 
began  in  1854  to  inspect  these  rocks  near  Enyille,  and  afterwards 
rerisited  the  eqniyalent  strata  in  South  StafiPordshire,  and  on  the 
Abberlej  and  Malvern  Hills,  their  true  nature  gradually  dawned 
on  me,  and  on  the  18th  of  July  I  wrote  to  our  late  deeply  lamented 
President,  announcing  what  (if  true)  I  considered  a  discovery  of  con- 
siderable value.  Though  I  was  unaware  of  the  circumstance  at  the 
time,  it  appears  that  two  authors  had  previously  hinted  at  the  possible 
agency  office  in  two  epochs, — ^palaeozoic  and  secondary.  In  the 
'History  of  the  Isle  of  Man'  (1848),  p.  89,  in  describing  the  con- 
glomerate of  the  Old  Red  Sandstone,  Mr.  Cummine  compares  it  to  ''  a 
consotidated  ancient  boulder-clay  formation,"  and  continues,  "  Was 
it  so,  that  those  strange  trilobitic-looking  fishes  of  that  sera  (&e 
CoccosteuSy  Pterichthys,  and  Cephalaspis)  had  to  endure  the  buffeting 
of  icy  waves  and  to  struggle  amidst  the  wreck  of  ice-floes  and  the 
crnsh  of  bergs  ?  These  are  questions  which  we  may  perhaps  venture 
to  ask,  but  which  we  dare  not  hope  to  have  soIvmI  till  we  know 
something  more  than  at  present  we  know  of  the  history  of  the 
boulder-clay  formation  itself."  It  may  be  remarked  as  a  curious 
coincidence,  that,  when  in  Worcestershire  I  arrived  at  the  conclusion 
that  the  Permian  breccias  are  also  boulder-days,  my  thoughts  at 
once  reverted  to  the  more  ancient  Old  Red  conglomerates  of  Sa>tland, 
and  I  stated  at  the  time  to  my  colleague  Mr.  Howell  that  they  might 
afterwards  turn  out  to  have  had  a  similar  origin. 

In  a  paper  published  in  the  Quarterly  Journal  of  the  Geological 
Society,  February  1850,  pp.96  and  97,  Mr.  R.Godwin-Austen  observes 
tW  ''  the  great  blocks  of  porphyr]^  of  the  middle  beds  of  the  New 
Red  series  in  the  West  of  Englano,  included  in  sands  and  marls  in- 
dicating no  great  moving  power,  seem  to  require  some  such  agent  as 
that  of  floating  ice  to  account  for  their  position."  In  the  foQowing 
observations  I  hope  to  carry  this  subje<:t  considerably  further,  and  to 
show,  not  only  that  there  were  icebergs  of  Permian  date,  but  also 
partly  to  indicate  the  district  whence  the  glaciers  descended  that  gave 
these  icebergs  birth. 

Geological  Descriptum  of  the  principal  localitiee  of  the  Breccia  ; 
md  its  composition  and  character. —'Dit  Coal-fields  of  North  and 
South  Sti^ordshire,  Tamworth,  Coalbrook  Dale,  and  the  Forest  of 
Wyre  are  partly  bordered  by  Permian  rocks  which  lie  unconformably 
on  the  Coal-measures,  and  in  most  places  once  covered  these  fields, 
bat  have  been  partially  removed  by  denudation.  Patches  of  Permian 
strata  also  rest  very  unconformably  on  the  Silurian  rocks  of  the  Ab- 
berley  and  Malvern  Hills. 

The  Bunter  or  New  Red  Sandstone  which  forms  the  base  of  the 
Trias,  has  been  divided  by  the  Geological  Survey  into  four  subforma- 
tbns*,  some  of  which  are  occasionally  absent.  The  best  and  most 
complete  typical  sections  of  these  rocks  occur  on  the  east  side  of 
Coalbrook  Dale,  or  in  the  country  between  Bridgenorth  and  Patting- 
ham.    The  section  there  is  shown  in  fig.  1.  p.  188. 

*  First  made  out  and  described  by  Mr.  Hull. 
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Fig.  1. — General  Section  of  the  four  eubdivmons  of  the  Bunter 
Sandstone. 

Bridgmortli. 


1.  Pennuui  sandstone  and  marl. 

2.  Lower,  soft,  brick-red,  and  Tariegated  sandstone. 

3.  Coarse  conglomerate  or  pebble  beds ;  pebbles  well-rounded. 

4.  Upper,  bride-red,  and  yariegated  sandstone. 

5.  White  and  brown  sandstone  and  red  marl,  resting  on  a  calcareoos  conglo- 
meratic base,  succeeded  by 

6.  New  Red  marL 

Some  one  of  these  four  members  lies  generally  quite  unconformably 
on  the  Permian  beds^  unless  where  they  chance  to  be  faulted  against 
each  other. 

In  the  Midland  Counties  and  on  the  borders  of  Wales,  the  Pennian 
section  is  different  from  that  of  Nottinghamshire  and  the  north  (d 
England.  The  maffuesian  limestones  are  absent,  and  the  rocks 
principallj  consist  of  alternations  of  deep  red  marl  and  brown  and 
red  sandstones,  calcareous  conglomerates  and  breccias,  which  are 
almost  entirely  unfossiliferous.  The  most  complete  section  ocean 
south  of  Bridgenorth  in  the  country  between  Enville  and  the  Forest 
of  Wyre.  This  ground,  as  coloured  on  the  maps  of  the  Geological 
Survey,  was  mapped  by  Mr.  Ayeline  and  Mr.  Hull,  the  latter  of 
whom  supplied  me  witli  the  following  section. 

Fig.  2. — Section  of  the  Permian  rocks  between  EnoHle  and  the 
Forest  of  Wyre. 

S.W.  N.B. 


Fault. 
1.  Coal-measures. 

"2.  Sandstone  and  red  marls,  containing  two  beds  of  calcareous  con- 
glomerate, marked  x  and  x^ 
3.  Coarse  breoda. 
,4.  Sandstone  and  red  marls. 
5.  Lower  brick-red  or  variegated  sandstone. 
[  6.  Pebble-beds  or  conglomerate. 

The  general  dip  is  easterly,  and  varies  from  2^  to  6^ ;  and  the 
breccia  (No.  3)  dips  distinctly  beneath  the  overlying  marls  and 
sandstones.  No.  4.  On  the  N.W.,  various  members  of  the  Bunt^ 
Sandstone  abut  on  the  Permian  strata  by  means  of  a  fault.  The 
same  takes  place  on  the  East,  between  Enville  and  Bewdley ;  but  in 
the  neighbourhood  of  Bobbington  the  inferior  brick-red  sandstone* 
rests  directly  on  the  higher  Permian  strata.  Nearly  the  whole  of 
this  series  is  repeated  by  a  North  and  South  fault  which  intersects  the 
country  about  two  miles  to  the  east  of  the  Severn.  It  is  a  down- 
throw on  the  West,  probably  of  from  300  to  400  feet.    Though  dili- 

*  No.  5  of  the  Bunter  beds  of  the  abo?e  diagram,  fig.  2. 


Permian.' 
Bunter. 
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gently  searched,  no  fossils  have  been  discovered  in  these  beds  except 
die  impression  and  part  of  the  bark  of  the  stem  of  a  tree,  about  two 
yards  long  and  a  foot  in  diameter,  which  relics  were  found  last 
summer  bj  Mr.  Hull  and  myself  in  the  higher  calcareous  conglome- 
rate (marked  x '  in  fig.  2)  near  Four  Ashes.  The  pebbles  of  these 
conglomerates  are  mostly  well-waterwom,  but  some  of  them  are  sub- 
angular  ;  they  chiefly  consist  of  numerous  fragments  of  carboniferous 
limestone^  mixed  with  pieces  of  chert,  sandstone,  quartz,  quartz-rock, 
Silurian  limestone  of  doubtful  date,  greenstone,  felspathic  trap,  banded 
felspathic  ash,  red  granite,  red  sandy  marl,  red  sandstone,  black 
slate,  red  jasper,  and  homstone.  These  were  collected  at  Gatacre 
Hall  and  the  rour  Ashes.  The  carboniferous  limestone  pebbles  by 
&r  predominate  ;  and  few  of  the  fragments  of  any  kind  exceed  3  or 
4  inches  in  diameter.  The  nearest  carboniferous  hmestone  is  that  of 
the  Tltterstone  Glee  Hills,  about  twelve  mOes  distant  on  the  south- 
west. The  Coalbrook  Dale  limestone  contains  chert,  and  is  about 
fifteen  miles  off  on  the  north-east ;  and  in  the  same  district  occur 
igneous  and  quartz  rocks  not  dissimilar  to  those  found  in  the  con- 
riomerates.  Some  of  the  other  pebbles  may  have  come  from  the 
Wekh  Border,  near  the  Longmynd ;  but  all  of  them  may  have  been 
drifted  by  ordinary  marine  action. 

The  true  Breccia  is  separated  from  the  calcareous  conglomerate  by 
about  100  feet  of  brown  calcareous  sandstone  and  marl.  The  brec- 
ciated  stones  are  imbedded  in  a  deep-red  hardened  marly  paste. 
They  are  mostly  angular  or  subangular,  with  flattened  sides  and  but 
slightly  rounded  edges.  The  pieces  collected  consist  chiefly  of  frag- 
ments of  micaceous  schist,  micaceous  sandstone,  quartz-rock,  grey 
landstone,  chert,  purple  grit,  green  sandy  slate  (one  of  them  polished 
and  scratched),  black  slate,  altered  slate,  greenstone,  felstone,  fel- 
spathic ash,  and  reddish  syenite.  The  last  is  doubtful.  A  nodule 
of  ironstone  tnis  also  observed,  and  a  few  quartz-pebbles.  None  of 
them  are  krger  than  6  or  8  inches  in  diameter.  There  are  no  rocks 
Hnswering  to  the  majority  of  these  in  the  immediate  neighbourhood ; 
and  with  the  exception  of  the  chert,  syenite,  and  ironstone-nodule, 
the  rest  Uthologically  resemble  the  Cambrian  sandstones  and  slates  . 
of  the  Longmynd,  and  the  Lower  Silurian  slates,  quartz-rocks,  and 

nns  rocks  at  and  east  of  the  Stiper  Stoi^es.  Iiie  distance  from 
^viUe  Breccia  to  these  parts  of  Shropshire  and  Montgomery- 
shire is  from  twenty  to  thirty  miles  in  a  straight  line ;  and,  if  the 
inference  be  correct  that  any  of  the  stones  are  derived  from  that 
district,  they  must  have  travelled  at  least  that  distance. 

The  South  Staffordshire  coal-field  would  be  surrounded  by  Per- 
mian rocks,  were  it  not  that  north  of  Cannock  the  pebble-beds  (No.  3 
of  theBunter  Section,  fig.  1,  p.  188)  overlap  and  rest  directly  on  the 
coal-measures.  On  the  east,  between  Beaudesert  and  Watling  Street, 
the  pebble-beds  (3),  white  beds  (5),  and  marl  (6)  are  faulted  agamst 
the  coal-measures.  In  other  places  the  Permian  rocks  abut  against 
or  rest  on  the  carboniferous  strata,  except  at  Kingswinford  and  Old- 
swinford,  where  for  a  short  space  they  are  cut  out  by  an  increase  of 
the  boundary  fiiult.    The  most  complete  section  of  the  Permian  beds 
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Fig.  S.^Seetum  of  the  Permian  rocks  of  Cieni  HOI. 

ClentBill. 
5^ 


Coal-measnres. 

1*2.  Alternations  of  red  mari  and  sandstone,  with  two  cakanou 
Permian.  *  bands. 

3.  Breccia,  about  450  feet  thick. 


Bnnter. 


4.  Pebble-beds  or  conglomerate. 

5.  Upper  brick-red  and  variegated  sandstone. 


in  this  area  occurs  at  the  south  end  of  the  coal-field,  between  the 
coal-measures  and  the  summits  of  the  Clent  Hills  and  the  BromsgjOTe 
lickey.    The  diagram  ^fig.  3^  shows  their  arrangement. 

The  breccia  here  consists  of  pieces  of  various  rocks  imbedded  in  a 
hardened,  red,  marly  paste.  Like  those  near  EnyiUe,  they  are  gene- 
rally angular,  or  have  their  edges  but  slightly  roimded.  Their  sides 
are  often  flattened,  sometimes  polished,  and  occasionaUy  scratched. 
They  rarely  exceed  a  foot  in  diameter.  On  Clent  Hill  the  fragments 
consist  of  felstone-porphyry,  greenstone-porphyry,  greenstone-amyg- 
daloid, ribboned  slate,  hiack  and  green  slate,  red  sandstone,  quartx- 
conelomerate,  and  felspathic  ash.  In  a  section  near  Romsley,  stones 
of  me  same  nature  were  found,  including  altered  sandstone,  cong^ 
meratic  ash,  banded  felspathic  ash,  quartz-rock,  yari^ated  mari, 
quartz-pebbles,  altered  slate,  ribboned  slate,  and  blocks  of  a  coarse 
conglomerate. 

'Die  igneous  rocks  of  Staffordshire  are  yery  different  from  dioee  in 
the  breccia  ;  and  none  of  the  other  kinds  quoted  occur  in  that  di- 
strict, with  the  exception,  perhaps,  of  the  quartz-rock,  which  might 
he  compared  to  that  of  the  Lickey.  There  is,  however,  good  reason 
why  the  quartz- rock  of  the  breccia  should  not  haveheen  derived  from 
the  altered  Caradoc  of  the  Lickey.  This  ancient  ridge  is  hounded 
by  two  faults,  one  being  a  downthrow  on  the  east,  and  the  other  a 
downthrow  on  the  west.  On  the  east  the  white  sandstone,  and  on 
the  west  the  Permian  rocks  abut  against  it :  see  fig.  4.  The  con- 
tinuous ridge  of  the  Bromsgrove  Lickey  and  the  Clent  Hills,  crowned 
by  the  breccia,  is  higher  than  the  Caradoc  Hill ;  the  Permian  rocb 

Fig.  4. — Section  of  the  Bunter,  Permian,  and  Caradoc  rocks  of  the 

lAckey, 

W.       Bronugrove  Liekey.  S. 


'  f  '    f 


tJ;  ^^I^N^"!^^  ^  ^-  ^5!S""  "^^  *"^  sandstone.    3.  Breccia.    4.  White 
beds  (Bunter).    5.  Red  marl  (Keupcr). 

formmff  a  fine  escarpment,  the  beds  of  which  have  a  westerly  dip. 
Were  they  prolonged  from  a  quarter  of  a  mile  to  a  mile,  the  higher 
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beds  would  cover  the  Caradoc  sandstone ;  and,  were  it  not  for  the 
fiialt,  some  of  the  marls  and  sandstones  beneath  the  breccia  would,  if 
prolonged*  also  cover  these  altered  Silurian  strata.  It  maj  therefore 
be  assumed  that  this  old  ridge  was  buried  under  lower  Permian  sedi* 
ments  before  the  breccia  was  accumulated,  and  therefore  none  of  the 
brecdated  fragments  would  be  likely  to  be  derived  from  these  altered 
Candoc  sandstones.  In  this  case,  the  nearest  places  to  which  we 
can  refer  the  component  fragments  of  the  breccia  are  the  Longmynd 
and  the  Silurian  country  east  of  the  Stiper  Stones.  There  we  have 
numerous  beds  of  green,  grey,  and  purple  grits,  together  with  rib- 
boned slates  near  Shelve  and  in  other  places,  identical  in  structure 
and  colour  with  those  in  the  breccias,  quartz-rock  at  the  Stiper 
Stones,  and  all  the  varieties  of  greenstone  and  felspathic  ash  men- 
tiimed  in  the  list.  The  next  nearest  places  where  such  ashes  occur, 
are  Pembrokeshire  and  the  remoter  parts  of  North  Wales ;  but,  for 
other  reasons  besides  proximity,  it  is  safer  to  suppose  they  were 
derived  frx)m  the  Cambrian  and  Silurian  regions  between  Church 
Stretton  and  Chirbury  (Shropshire  and  Mon^meryshire),  than  from 
the  more  distant  counties  of  Pembroke,  Merioneth,  and  Caernarvon. 
The  summit  of  the  hill  called  Frankley  Beeches  is  crowned  by  an 
outlier  of  breccia ;  and  it  also  forms  a  piece  of  ground  about  a  mile 
and  a  half  long  a  little  to  the  west  of  Northfield,  a  good  section  of 
which  occurs  in  the  lane  leading  from  Northfield  to  Bangham  pit. 
The  larger  stones  lie  mostly  towards  the  top.  Many  of  them  consist 
of  Caradoc  limestone  (Upper  Caradoc  of  some  geologists),  and  cal- 
careous sandstone  and  conglomerate,  some  of  them  attaining  a  dia- 
meter of  about  two  feet.  I  submitted  a  collection  of  the  fossmferous 
pieces  to  Mr.  Salter,  who  determined  the  following  species : — 

Strophomena  compressa.  Mytilus  mytflimeris. 

Orthiji  caHigFamma.  Encrimmis  panctatiu. 

Atrypa  reticularis  (very  common).  Favotites  alveoltrit. 

Spinfer  tnpezoidaUs.  Petraia  bina. 

lieptsna  depressa.  subduplicata. 

transvenalis.  Heliolites  InterBtinctua. 

Rhynchonella  semisnlcata.  Scalites  (Trochoa)  lenticnlaris. 
Pentamenia  oblongiu  (rare  and  small).    Eoomphalus  fanatus,  var.  sculptos. 

undains.  Ooniophon  cymbnformis. 

lena.  Serpulites. 

Besides  the  blocks  containing  these  fossils,  the  breccia  includes 
fragments  of  other  calcareous  sandstones,  ribboned  slate  like  that 
near  Shelve,  quartz-rock,  poiphyritic  felspathic  ash,  felstone  and 
greenstone,  like  that  of  the  Lower  Silurian  rocks,  purple  conglo- 
merates, similar  to  those  of  the  Longmynd,  and  yellow  sandstone 
and  black  chert,  the  latter  like  that  of  the  carboniferous  limestone. 

The  Upper  Caradoc  limestone  and  fragments  of  calcareous  sand- 
stone ana  conglomerate  are  peculiar.  They  do  not  resemble  the 
Caradoc  beds  of  Walsall,  Builtn,  Malvern,  May  Hill,  or  the  Lickey ; 
but,  both  lithologically  and  zoologically,  they  are  hke  the  equivalent 
strata  that  rest  uncombrmably  on  and  once  formed  the  beaches  sur- 
nnmding  the  Longmynd  and  adjacent  Lower  Silurian  rocks,  where, 
ta  aitUt  they  contain  green  and  purple  slaty  fragments  and  pieces  of 
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felspathic  trap  derived  from  the  waste  of  that  ancient  Cambrian  and 
Lower  Silurian  island.  They  may  be  identified  bj  this  circnmstance, 
for  in  no  other  place  with  which  we  are  acquainted  does  the  Upper 
Caradoc  assume  this  character ;  and  Mr.  Salter  also  gives  the  con- 
firmatory opinion,  that  the  assemblage  of  fossils  nearly  resembks 
some  of  the  groupmgs  in  the  parent  rocks  near  Hope.  It  is  there- 
fore difficult  to  escape  from  the  conclusion  that  the  rocks  generallj 
must  have  travelled  from  that  country  across  a  space  from  rorty-fiie 
to  fifty  miles. 

Between  the  Forest  of  Wyre  and  the  south  end  of  the  Malvern 
Hills  several  patches  of  the  breccia  occur  at  intervals,  resting  on  the 
coal-measures  and  on  the  Silurian  rocks  of  the  Malvern  and  Abberley 
range*.  The  most  northerly  is  that  at  Wars  Hill,  about  two  miles 
west  of  Kidderminster.  It  lies  directly  on  the  coal-measures ;  ind 
on  the  east  the  Bunter  pebble-beds  and  Lower  brick-red  Sandstone 
are  faulted  against  it. 

Fig.  5. — Section  of  the  Bunter  and  the  Permian  hede,  with  Breccia, 
at  Ware  HUL 


WntmU. 


FMllt. 

1.  Old  Red  Sandstone.  2.  Coal-measures.  3.  Permian  sandstone  and  mail, 
with  breccia  on  top.  4.  Lower  brick-red  sandstone,  and  5.  Pebble-beds  (Bmiter). 

This  breccia  contains  fragments  of  grey  sandstone,  very  common, 
grey  slate,  ashy  sandstone,  highly  fekpathic  sandstone,  felspathie 
trap,  and  carboniferous  limestone  chert.  The  paste  that  binds  them 
together  is  a  bright-red  marl.  No  very  good  sections  are  exposed; 
and  the  component  stones  of  the  breccia  are  apparently  never  larger 
than  8  or  10  inches  in  diameter.  A  calcareous  conglomerate,  iden- 
tical in  structure  with  that  near  Enville,  underlies  the  Breccia,  being 
separated  firom  it  by  sandy  and  marly  beds.  The  relative  positions 
of  the  breccia  and  this  conglomerate  are  therefore  the  same  at  Wars 
Hill  and  Enville,  and  there  is  no  reason  to  doubt  that,  in  genend 
terms,  they  are  equivalents.  About  three  miles  further  south,  a 
simikur  breccia  occurs  on  Stagbury  Hill,  one  mile  and  a  half  west  cX 
Stourport.  This  also  rests  on  the  coal-measures,  and  helps  to  form 
a  connecting  link  between  the  Enville  and  the  Abberley  breedss, 
which  lie  indifferently  on  several  of  the  older  PalEeozoic  formations. 
On  Stagbury  Hill  the  mass  dips  east,  at  angles  of  about  50°,  and  the 
pebble-beds  are  faulted  against  it,  their  junction  being,  however,  con- 
cealed by  the  alluvium  of  the  Severn  f. 

*  In  conseqnenoe  of  the  quantities  of  felspathic  angular  fragments  which  came 
out  from  beneath  the  sward,  these  patches  were  coloured  as  igneous  rocks  by  Sir 
Roderick  Murchison,  who  also  infonns  me  that  no  quarries  were  at  that  tune 
opened  on  the  hills. 

t  Notwithstanding  the  allurium,  there  is  no  real  obscurity  about  this  fiioltr 
which  has  been  traced. 
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Pig.  6. — Section  of  CotU-measures,  Permian,  and  Bunter  at 
Staghury  HiU, 

W.  Stagbmy  HiU.  E. 


Fault. 
1.  Coil-measores.    2.  Permian  breoda.    3.  Pebble-beds  (Bunter). 

The  brecciated  fragments  consist  of  felstone^  felspathic  ash,  green- 
stone-porphyry with  large  crystals  of  felspar,  greenstone,  ribboned 
date,  grey  and  purple  grit,  like  that  of  the  Longmjnd,  coarse  con- 
g^merate,  and  red  micaceous  stones  like  pieces  of  the  Old  Red  Sand- 
stone, j^oepting  this  last,  the  assemblage  of  rocks,  and  eyen  their 
distmctiye  peculiarities  (of  ribboned  slate,  felspathic  ash,  &c. ),  are 
agam  characteristic  of  the  Longmynd,  and  of  the  Lower  Silurian 
series  west  of  the  Stiper  Stones.  The  breccia  is  from  twentj-seyen 
to  thirty-fiye  miles  distant  from  that  country ;  and  the  largest  mass 
observed  in  it  may  be  about  a  foot  in  diameter. 

A  remarkable  outlier  of  breccia  forms  Church  Hill,  about  six  miles 
west  of  Stagbury,  nearly  halfway  between  Stourport  and  the  Titter- 
stone  Glee  Hill.  It  is  about  three-quarters  of  a  mile  in  diameter, 
sod  rests  unconformably  on  the  Coal-measures,  serving  as  a  mark  to 
show  that  the  breccia  once  extended  many  miles  across  the  country 
to  the  west,  and  that  it  has  been  since  removed  by  denudation. 
Tlie  included  angular  stones  are  fine  altered  sandstones,  grey  and 
purple  grits,  red  conglomerate  (sometimes  in  masses  of  2  and  3  feet 
m  oiameter),  greenstone  and  felspathic  porphyries,  felspathic  ash, 
grey  and  green  slate,  vari^ated  and  red  marls,  red  felspathic  por- 
phyry, arenaceous  Umestone,  and  altered  black  sandstone.  The 
stones  are  unusually  angular  and  broken,  and  the  bright-red  marly 
base  is  larger  in  quantity  than  in  most  of  the  other  localities.  Most 
of  the  stones  possess  the  accustomed  resemblance  to  the  Cambrian 
rocks  and  Llandeilo  flags  with  their  included  igneous  masses  in 
Shropshire  and  Montgomeryshire;  and  the  limestones,  by  their  fossils, 
belong  undoubtedly  to  Caradoc  of  the  Montgomeryshire  type. 

A  few  miles  further  south,  this  breccia  again  appears  in  two 
plaoes  on  the  Abberley  and  Woodbury  Hills.  Both  of  these  patches 
rest  unconformably  on  Upper  Silurian  shales  and  limestones ;  and 

Pig.  7. -Section  at  Woodbury  Hill. 

W.  Woodbuiy  Hill.  E. 


Fault. 

1.  Upper  Silurian  shale  and  limestone.    2.  Permian  breccia.     3.  Brown  and 
white  aaodstone  and  marls  (Upper  part  of  Bnnter).    4.  Red  marl  (Keuper). 
VOL.  XI. — PART  I.  P 
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both,  forming  the  highest  crests  of  their  respective  ridges,  dip 
towards  the  New  Red  Sandstone  pl«n  at  Hundred  House  and  Great 
Witley. 

The  Penman  rock  contains  subangular  fragments  and  urger 
boulder-like  blocks  of  greenstone  (rery  numerous^,  felstone,  brec- 
ciated  ashy  conglomerate,  greenstone-amygdaloicC  febnathic  aa^ 
and  porphyry,  purple  grit,  red  conglomerate  (with  rounded  pebbles)^ 
micaceous  marl  (Old  Red?),  green-banded  slate,  ribboned  slate,  and 
altered  black  and  green  slate.  As  in  the  other  bcalides,  the  rock 
may  be  described  as  a  rudely  stratified  breccia.  At  Abberley  Hi^ 
some  of  the  masses  are  from  2  to  3  feet  in  diameter,  and  in  one  of 
the  quarries  near  the  base  of  Woodbury  Hill  I  saw  one  half-roun^ 
boulder-shaped  fragment  which  measured  2  ft.  4  in.  X  1  ft.  6  in. 
X  1  foot  in  diameter. 

Following  the  Abberley  and  Malvern  chain  to  the  south,  the 
Breccias  again  appear  for  about  one  mile  and  a  half  between  Berrow 
Hill  and  Ae  Teme,  and  also  at  Woodbury  Rock,  on  the  south  side 
of  that  river,  near  Knightsford-bridge.  On  Berrow  Hill  they  rest  on 
a  thin  strip  of  Coal-measures ;  but  a  little  further  south  they  overiap 
this,  and  lie  directlv  on  the  Old  Red  Sandstone.  On  the  east,  the 
upper  part  of  the  wnite  sandstone  is  faulted  agaiust  them. 

Fig.  S.-^Seetim  of  Berrow  HiU. 


FauH. 

1.  Old  Red  Sandstone.    2.  Coal-measures.    3.  Penman  breccia.    4.  White 
sandstone  (Bnnter).    5.  Red  marl  (Kenper). 

In  this  breccia  we  find  greenstone,  purplish-grey  brecciated  trap, 
felstone,  felspathic  porphyry,  purple  grit,  and  slate,  grey  and  ribboned 
slate,  brown  sandstone,  quartz-rock,  red  conglomerate,  calcareous 
isandstone,  limestone,  and  a  few  pieces  of  granite. 

On  Berrow  Hill,  the  largest  fragments  observed  were  about  a  foot 
in  diameter.  At  Woodbury  Rock,  purple  grits  form  the  great 
majority  of  the  fragments,  and  many  of  the  boulders  are  unusually 
large,  one  of  them,  of  reddish  conglomerate,  attaining  the  sixe  of 
4  feet  by  3,  by  H  deep.  With  the  exception  of  some  small  pieces  of 
granite,  which  may  be  derived  from  the  Malvern  Hills  further  south, 
the  whole  of  the  specimens  again  resemble  the  rocks  of  the  Long- 
mynd  and  the  Shropshire  and  Montgomeryshire  Silurian  rocks  west 
of  the  Stiper  Stones. 

A  rock  of  similar  structure  to  the  rest  of  the  breccias  appears  at 
Alfrick ;  but,  as  it  seems  more  likely  to  be  of  Bunter  than  of  Per- 
mian date,  I  shall  pass  it  over  for  the  present.  It  is  bounded  on 
the  west  by  the  same  fault  that  ranges  along  the  east  side  of  the 
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Abberknr  and  Malyern  range*  and  from  thence,  with  slight  breaks^ 
paoses  rarther  south  to  the  shores  of  the  Seyem*.  At  the  south 
end  of  the  Malrem  Hills,  between  Bromsberrow  and  Howlers  Heath, 
a  strip  of  Permian  breoda  occurs,  about  a  mile  and  a  half  in  length, 
Ijing  nnconformably  across  the  strike  of  the  Upper  and  Lower 
Silurian  rocks.  A  part  of  the  same  band,  thrown  further  south  by 
a  fault,  stretches  for  about  three-quarters  of  a  mile  between  Little 
London  and  Vineyard.  It  rests  unconformably  on  the  Upper  Silu- 
rian rocks  and  the  Old  Red  Sandstone,  and  both  the  strips  are  cut 
off  at  each  end  by  faults,  which  throw  the  upper  brick-red  beds 
(No.  4  in  fig.  1)  of  the  Bunter  Sandstone  against  them.  They  are 
each  about  an  eighth  of  a  mile  in  width,  dipping  southerly  under 
the  upper  brick-r^  or  yariegated  sandstone,  at  angles  of  about  25°. 

Rg.  9. — Section  of  the  Bunter  and  Permian  beds  wuth  of 
Howlers  Heath, 


4.  White  and  brown  sandstone,  with  bands  of  marl  (Bonter).  3.  Upper  brick- 
red  sandstone  (Banter).    2.  Penman  breccia.    1.  Siiorian  rocks. 

Aboye  No.  4  comes  the  New  Bed  marls.  Among  numerous  sub- 
angular  fragments  of  the  breccia  were  found  pieces  of  quartz,  quartz- 
rock,  quartzose  sandstone,  purple  grit,  reddish  conglomerate,  green- 
ish-grey grit,  black  and  blue  slate,  ribboned  slate,  Silurian  limestone, 
ereenstone,  felstone,  felstone-porphyry,  and  granite  like  that  of  the 
Sislyem  ^lls.  Some  of  the  other  fragments,  such  as  the  black  slate 
and  limestone,  alike  resemble  Malyern  and  Shelye  rocks ;  but  the 
majority  have  the  character  common  to  the  Longmynd  rocks,  from 
wluch  they  are  distant  about  forty-seyen  miles.  They  are  generally 
of  no  great  size,  the  largest  obseryed  rarely  exceeding  6  or  8  inches 
in  diameter. 

The  Breccias  on  one  horieon  ;  and  extent  of  the  area  which  they 
occupy. — I  haye  now  described  these  Breccias  as  occurring  in  ten 
localities,  exclusiye  of  small  outliers,  or  mere  minor  separations  of 
the  same  mass  by  local  faults.  Though  occurring  at  interyals,  there 
can  be  little  doubt  that  they  all  belong  to  one  Permian  horizon.  In 
theEnyille  country  (fig.  2,  p.  188)  they  are  both  oyerlaid  and  under- 
laid by  marls  and  .sandstones  of  true  Fermian  type,  the  lower  beds 
induung  two  bands  of  calcareous  conglomerate.  These,  as  a  whole, 
dip  beneath  the  Upper  New  Red  San&tone  to  the  east,  and  again 
rise  from  under  it  m  the  southern  part  of  South  Staffordshire,  where, 
in  consequence  of  unconformity,  the  higher  Permian  beds  are  oyer- 
lapped  by  the  Upper  New  Bed  Sandstone ;  and,  the  lower  brick-red 
sandstone  being  absent,  the  pebble  beds  rest  directly  on  the  Breccias 
(%•  3>  p-  190).    Between  Uie  Bromsgroye  and  Clent  Hills  and  the 

*  Lately  traced  by  Mr.  Howell. 
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Soath  Staffordshire  Coal-field,  the  Permian  section  is,  in  geneni 
terms^  the  same  as  that  of  the  Enville  country ;  like  it,  induduig  two 
highly  calcareous  bands.  Around  the  South  Staffordshire  Coal-fidd, 
north  of  Northfield  on  the  east,  and  Kingswinford  on  the  west,  the 
Permian  strata  exposed  seem  all  to  form  portions  of  the  series  that 
He  below  the  Breccia. 

Between  Enville  and  Bewdley,  the  identity  of  the  breccias  ii 
sufficiently  apparent,  two  large  strips  being  merely  separated  at  the 
surface  by  means  of  a  north  and  south  fault.  Between  Bewdley  and 
the  south  end  of  the  Malyem  Hills,  they  occur  at  six  distinct  inter- 
Tals,  resting  on  Coal-measures,  Silurian  rocks,  and  Old  Bed  Sand- 
stone ;  and  in  none  of  these  places  do  we  find  the  marls  and  sand* 
stones  that  elsewhere  rest  upon  and  underlie  them.  The  same  may 
be  said  of  the  Churdi  Hill  outlier.  This  would  seem  to  indicate  thit 
the  breccias  in  places  overlap  the  Lower  Permian  strata ;  and  this 
may  be  easily  accounted  for,  u  we  suppose  that  a  tract  of  country  of 
irregular  outline  was  gradually  depressed  durins  the  accumulation  of 
the  series,  so  that  the  oriffinsl  margins  of  the  lower  strata  were  \n 
degrees  overlapped,  and  ue  breccias  dq>08ited  on  still  sinking  huML 
There  is,  in  truth,  no  good  reason  why  these  detached  masses  should 
be  supposed  of  different  dates ;  for  structure  and  mode  of  occurrence 
alike  point  to  their  identity.  If  then  the  Staffordshire,  Envill^ 
Abberley,  and  Malvern  breccias  be  all  of  one  origin  and  date,  either 
cropping  out  directly  from  underneath  the  Bunter  Sandstone  (except 
where  raulted),  or  being  associated  with  beds  that  do  so,  there  is 
reason  to  believe  that,  along  with  the  rest  of  the  Permian  strata, 
they  may  to  a  great  extent  underlie  the  greater  part  of  the  Bunter 
series  between  Malvern,  Enville,  and  South  Staffordshire ;  just  as,  by 
parity  of  reasoning,  we  conclude  that  the  coal-fields  of  Stidffordshire, 
Coalbrook  Dale,  the  Forest  of  Wyre,  and  the  thin  strips  on  the  flanks 
of  the  Abberley  Range,  near  Martly,  are  also  probably  connected 
deep  below  the  surface.  The  chances  are  in  favour  of  this  genend 
continuity  of  Coal-measures ;  and,  if  they  are  not  invariably  united, 
it  is  probably  because  parts  were  removed  b^r  denudation  before  or 
during  the  depositiom  of  the  overlying  formations.  The  same  may 
be  said  of  the  Permian  strata  of  which  the  Breccia  forms  a  member; 
and,  if  they  either  are  or  were  continuous  at  any  time  between  out- 
crop and  outcrop,  they  cover  or  covered  an  included  area  estimated 
at  about  500  square  miles.  But  at  the  south  end  of  the  Malvenis 
they  dip  southerly,  near  Northfield  at  the  south-east  end  of  the  South 
Staffordshire  coal-field  they  dip  easterly,  and  north  of  Enville  they 
are  cut  off  by  a  fault ;  so  that  to  some  extent  they  must — and  for 
aught  we  know  they  may— extend  beneath  the  New  Red  Sandstone 
over  a  much  greater  area. 

Character  of  the  stones  in  the  Breccia  ;  and  whence  derived. — 
The  lithological  nature  of  the  imbedded  fragments  has  already  been 
described.  Eveiywhere,  in  spite  of  exceptional  fri^^ents  in  the  Mal- 
vern district,  they  seem  to  be  derived  from  one  set  of  rocks ;  they  aie 
aU  enclosed  in  the  same  red  marly  paste,  and  they  are  mostly  angular 
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or  subangalar.  A  well-romided  waterwom  pebble  is»  in  places,  of 
rare  occurrence.  The  surfaces  of  a  great  majority  of  the  pebbles 
are  much  flattened,  numbers  are  highly  polished,  and,  when  searched 
for,  manj  of  them  are  observed  to  be  distinctly  grooved  and  finely 
steiated.  The  strise  in  some  are  clear  and  sharp,  and  run  parallel  to 
or  cross  each  other  at  various  angles;  while  in  others,  though  you 
see  their  remains,  aee  and  surface-decomposition  have  impaired  their 
sharpness  and  roughened  the  original  poush  of  the  stone. 

I  have  stated  that  (if  hthological  character  be  any  guide)  the 
fragments  (with  rare  exceptional  pieces)  seem  to  have  been  derived 
from  the  conglomerates  and  green,  grey,  and  purple  Cambrian  grits 
of  the  Longmvnd,  and  from  the  Silurian  ouartz-rocks,  slates,  fel- 
stoneS)  felspathic  ashes,  greenstones,  and  Upper  Caradoc  rocks  of 
the  country  between  the  Longmynd  and  Chirbury*.  The  south  end 
of  the  Malvern  Hills  is  from  fortv  to  fifty  miles,  the  Abberleys  from , 
twenty-five  to  thirty-five  miles,  Enville  from  twenty  to  thirty  miles, 
and  South  Staflfordshire  from  thirty-five  to  forty-five  miles  distant 
from  that  country.  The  question  then  arises,  by  what  process  were 
BO  many  angular  and  subangular  fragments  transported  so  far ;  many 
of  them  bemg  a  foot,  and  some  two,  three,  or  even  four  feet  in  disr 
meter ;  the  whole  in  places  forming  a  deposit  of  several  hundred 
feet  in  thickness?  Why  also  are  they  angular,  and  not  well-rounded, 
like  the  pebbles  of  the  flnreat  conglomerate-beds  of  the  Bunter  Sand- 
stone ;  and  why  have  uey  flattened  sides,  and  often  polished  and 
striated  surfiices? 

FauiU  of  the  Permian  :  and  Stratification  of  the  Breccia, — ^There 
seems  no  special  reason  to  doubt  that  the  Permian  beds  of  the  mid- 
land counties  are  of  marine  origin,  like  the  magnesian  Hmestone  series 
of  Nottinghamshire,  Yorkshire,  and  the  North  of  England ;  although, 
except  the  remains  of  the  tree  near  Enville,  no  native  fossils  have  yet 
beoi  discovered  in  them,  either  on  the  borders  of  Wales  or  on  the 
east  side  of  Goalbrook  Dale,  in  Staffordshire,  or  on  the  flanks  of  the 
Malvern  Hills.  There  are,  however,  identical  deposits  lyin^  between 
Leamington  and  the  neiffhbourhood  of  Tamworth,  in  which  a  few 
fosdls  were  found.  In  this  district  these  beds  have  heretofore  been 
described  as  belonging  to  the  Bunter  Sandstone  t,  appearing  as  they 
do  not  far  below  the  true  New  Red  or  Keuper  marl.  The  error  arose 
from  the  absence  of  the  pebble-beds  and  the  lower  and  upper  brick- 
red  sandstones  of  the  Bunter  Series  (fig.  I,  p.  188);  and  thus  it 
happens  that  between  Leamington  and  the  country  a  little  to  the 
south  of  Tamworth,  the  white  and  brown  sandstones,  5,  fig.  1,  p.  188 
(that  immediately  underlie  the  New  Red  marl),  rest  directly  on  the 
Penman  sandstones  and  marls,  which  were  thus  naturally  mistaken 
for  the  lower  parts  of  the  Bunter  strata.  Having  satisfied  myself, 
on  purely  stratigraphical  and  lithological  grounds,  that  these  were 
true  Permian  strata,  the  truth  6f  this  surmise  was  ftirther  confirmed 

^  In  part,  the  Shelve  country. 

t  Memoir  by  Sir  R.  I.  Morchison  and  Mr.  Strickland,  Transact.  Geol.  Soc. 
2od  Ser.,  voL  v.  p.  331. 
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in  1852,  when  I  ionnd  fraements  of  Lepidodendron  and  CalawtUei^ 
in  a  quarry  near  Exhall.  £noouraged  by  this  discoyery,  these  rodj 
were  diligently  searched  for  fossils  daring  the  completion  of  the  geolo- 
gical lines  by  Mr.  Howell,  and  in  the  same  quarry  a  few  casts  of  a  shdl 
were  discovered  by  our  collector  Mr.  Richard  Gribbs,  which  Mr.  Salter 
considers  to  be  of  Permian  type  and  more  allied  to  StrophaUma  tfaan 
to  any  other  genus.  The  siHcified  trees  found  near  Allesley  and  Me- 
riden,  and  apparently  several  species  of  Caulerpites  and  Breea  now 
in  the  Warwick  Museum  t>  belong  also  to  the  same  rocks  (fbnneriy 
supposed  Bunter  species)  ;  and,  in  addition  to  this,  it  is  interesting 
to  know  that  the  beds  near  Eenilworth  in  which  the  Labyrmthodon 
Bueklandi  was  found  by  Dr.  Lloyd  ^  belons  to  the  same  series. 
This  reptile,  previously  considered  of  Bunter  date,  must  therefore  be 
transferred  to  the  Permian  period.  Beds  of  calcareous  con^omente 
•  are  associated  with  the  strata  in  which  all  of  these  fossils  were  foimd, 
and  are  similar  to  those  which  underlie  the  breccia  near  Enville ;  and 
it  is  not  improbable  they  may  be  general  equivalents ;  in  which  case, 
trees,  reptile,  and  marine  shells  are  of  earlier  date  than  the  great 
deposits  of  breccia.  The  Permian  marb  and  sandstone  near  EnviDe, 
that  overlie  the  breccias,  are  in  no  respect  dissimilar  firom  those  that 
lie  beneath;  and  the  breccias  themselves,  whenever  well  exposed, 
are  seen  to  possess  a  distinctly  stratified  structure.  Not  (Hily  do 
the  stones  generaUy  lie  on  their  flat  sides,  but  sometimes  there  are 
long  marly  and  sandy  layers  and  beds  in  the  midst  of  the  mass. 

Pig.  10. — Stratified  Permian  Breccia. 


Glacial  origin  of  the  Breccia, — They  were  therefore  deposited  in 
water  with  considerable  regularity,  and,  as  we  have  seen,  over  a  large 
area.  It  is  altogether  unlikely  that  the  stones  were  poured  into  the 
sea  by  rivers  in  ue  manner  in  which  some  conglomerates  are  formed 
on  steep  coasts,  where  mountain-ridges  nearly  approach  the  shoie, 
Ist,  because  the  fragments,  being  derived  wnost  exclusively  from 
the  Longmynd  country,  if  the  sea  then  washed  its  old  shores,  no 

*  Prof.  E.  Forbes  considered  it  to  be  Calamitet  MtmgeoHi}  Mr.  Salter  thinks 
it  CakmuteM  SuekotfUf  a  Ctrboniferous  species. 

t  CaulerpUeg  obltmga,  C,  triangularity  C.  biamgularis,  Breea  entatmridet.  No 
precise  loc&lity  is  given  for  these  specimens. 

X  Transactions  of  the  British  Association,  1849,  Sections,  p.  56. 
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riyer-eiiiTeiitfl  pasring  out  to  sea  could  cany  such  large  fragments  from 
thirty  to  fifty  miles  beyond  their  mouths  and  scatter  them  promiscu* 
oosly  along  an  ordinary  searbottom ;  and«  2udly,  if  the  rivers  merely 
passed  frvm  the  Longmynd  across  a  lower  land  to  the  sea,  transporting 
stones  and  bloclcs  of  various  size,  these  would  have  been  waterwom 
on  their  pasaace  aeaward  after  the  manner  of  all  far-transported 
riyer-gTavels,  whereas  many  of  the  stones  are  somewhat  flat,  like 
slab%  and  most  of  them  have  their  edges  but  little  rounded.  Neither 
ooold  ordinary  marine  currents  move  and  widely  distribute  fragments 
so  laige  that  some  of  them  truly  deserve  the  name  ol  boulders ;  and» 
except  in  the  case  of  earthquake-waves,  whidi  here  and  there  produce 
an  occasional  debacle  on  a  shore,  I  have  no  faith  in  violent  currents 
of  sea-water  (such  as  have  been  sometimes  assumed  to  result  from 
imagined  sudden  great  upheavals  of  land),  washing  across  hundreds 
or  Uiousands  of  square  miles,  and  bearing  along  and  scattering  vast 
accumulations  of  debris  £Eur  from  the  parent  rocks.  This  is  an 
assumption  without  proof.  It  is  also  unlikely,  and  I  think  impossible, 
that  large  debris  of  this  kind  eould  be  distributed  over  so  wide  an 
area  by  the  sifting  process  which  Mr.  Darwin  has  shown  probably  to 
take  place  on  the  east  coast  of  South  America,  in  consequence  of 
movements  communicated  into  deep  water  during  long-continued 
heavy  gales.  Neither  have  they  been  moved  along  sea^shores,  or 
subjected  to  breaker  action,  like  the  stones  of  the  Chesil  Bank,  or  of 
the  conglomerate  of  the  Upper  New  Red  Sandstone,  all  the  pebbles 
of  which  are  true  pebbles,  spherical  or  oval,  and  smoothed  by  long 
attrition. 

If,  then,  they  were  not  distributed  by  any  of  these  agents,  there 
remains  but  one  other  means  of  transport  and  distributbn — the 
agency  of  ice. 

1st.  There  is  in  proof,  the  great  size  of  man;^  of  the  fragments, — 
the  largest  observea  weighing  (by  a  rough  estimate)  from  a  half  to 
three-quarters  of  a  ton. 

2nd.  Their  forms.  Rounded  pebbles  are  exceedingly  rare.  They 
are  angular  or  subangular,  and  have  those  flattened  sides  so  peculiarly 
eharacteristic  of  many  glacier-fragments  in  existing  moraines,  and  also 
of  manyof  the  stones  of  the  Pleistocene  drifts,  and  the  moraine  matter 
of  the  Wekh,  Highland,  Irish,  and  Vosges  glaciers. 

drd.  Biany  of  them  are  highly  polidied,  and  others  are  grooved 
and  finely  striated,  like  the  stones  of  existing  .^ine  glaciers,  and 
like  those  of  the  ancient  eladers  of  the  Vosges,  Wales,  Ireland,  and 
the  Highlands  of  Scotland;  or  like  many  stones  in  the  Pleistocene 
drift. 

It  has  been  said  that  in  any  breccia  or  conglomerate  the  stones 
may  be  scratched.  In  other  ancient  breccias  I  have  never  observed 
it ;  and  I  think  that  in  the  Permian  fragments  the  experienced  eye 
will  have  no  difficulty  in  recognizing  the  peculiar  characteristics  of 
glacial  scratching. 

By  way  of  contrast,  I  exhibit  some  of  the  pebbles  of  the  upper 
new  red  conglomerate.  This  subformation  has  been  traced  over  many 
hundreds  of  square  miles,  from  Derby  to  the  shores  of  the  Mersey, 


Digitized  by 


Google 


200  PROCEEDINGS  OF  THE  GEOLOGICAL  80CIBTT.      [Feb.  21, 

and  from  thence  to  the  neighbourhood  of  the  Abberley  Hills.  Its 
component  stones  are  often  from  3  to  9  inches  in  diameter  ;  but,  un- 
like  those  in  the  breccias,  they  are  all  beaatifully  ronnded;  and, 
where  they  touch  in  the  rock,  they  are  not  scratched,  but  indent 
each  other  at  the  points  of  contact ;  the  indentations  being,  I  belierc;* 
due  to  the  fact,  tluit,  while  these  gravels  were  still  incoherent  (they 
may  be  dug  out  now  with  nickaxe  and  shovel)  over  great  areas,  the 
upper  parts  of  the  New  Bed  series,  the  lias,  and  perhaps  other  newer 
strata,  were  piled  upon  them,  and  the  vertical  pressure,  consequent 
on  this  vast  superincumbent  pile,  induced  a  lateral  pressure  in  the 
loose-lyine  pebbles  of  the  conglomerate ;  so  that,  being  squeexed, 
not  only  downwards,  but  outwards,  they  ground  on  each  other,  and, 
partly  by  the  aid  of  intervening  grains  of  sand,  circular  indentationa 
were  formed,  sometimes  an  inch  in  diameter.  Occasional  eartbijpake- 
waves  would  assist  this  process.  These  marks  rarely  occur  m  the 
Permian  breccia ;  for,  wnereas  in  the  case  of  the  conglomerates  we 
have  sand  mingled  with  the  pebbles  in  the  breccias,  we  find 

4th.  A  hardened  cementing  mass  of  red  marl,  in  which  the  stones 
are  very  thickly  scattered,  and  which  in  some  respects  may  be  oovn- 
pared  to  a  red  boulder-clay,  in  so  far  that  botn  contain  angular 
flat-sided  and  striated  stones  and  boulders  brought  from  a  distance. 

I  conceive,  therefore,  that  the  peculiar  forms,  polish,  and  markings 
of  many  of  the  stones  indicate  that  these  characteristics  have  beoi 
produced  by  the  agency  of  ice  of  the  nature  of  gladers,  for  mere 
coast-ice  would  have  picked  up  and  drifted  away  numerous  rounded 
pebbles  from  the  beach,  and  not  a  sreat  majority  of  angular  flattened 
stones,  such  as  form  the  breccias  wherever  they  occur. 

If  this  conclusion  be  correct,  and  if  the  parent  rocks  whraoe 
the  stones  were  derived  be  properly  identified,  then  it  follows  that  the 
ancient  territory  of  the  Longmynd  and  the  adjacent  Lower  Silurian 
rocks,  having  undergone  many  mutations,  at  length  gave  birth  to  the 
glaciers,  which,  flowing  down  some  old  system  of  valleys,  reached  the 
level  of  the  sea,  and,  breaking  off  into  bergs,  floated  away  to  the  east 
and  south-east,  and  deposited  their  freights  of  mud,  stones,  and 
boulders  in  the  neighbouring  Permian  seas. 

The  few  fragments  of  granite  and  syenite  miuffled  with  numerous 
Lonffmynd  fragments  in  the  Malvern  area  would  not  invalidate  this 
conclusion,  for  what  more  likely  than  that  the  floating  bergs  should 
sometimes  have  stranded  on  or  grazed  along  some  of  the  higher 
Malvern  hill-tops  that,  as  islands,  dotted  the  Permian  Sea,  and  that 
thev  thus  picked  up  a  few  fragments  to  be  mingled  and  deposited 
with  the  foreign  material  wherever  they  chanced  to  melt  ? 

It  is  in  vain  now  to  look  for  the  terrestrial  indications  of  these  old 
glaciers  on  the  hills  and  sides  of  the  existing  valleys.  The  countiy 
nas  passed  through  too  many  revolutions  and  denudations  in  later 
perioids  to  permit  their  traces  to  remain.  It  may,  however,  be  asked, 
what  relation  do  the  present  levels  of  the  Longmynd  and  of  the 
breccias  bear  to  each  other  ? 

The  higher  points  of  the  Longmynd,  Stiper  Stones,  and  Comdon 
Hill  attain  a  height  of  from  1500  to  1700  feet  above  the  level  of  the 
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sea.  On  the  Clent  HiIIb  and  Bromsgroye  lickey  the  breccias  are 
from  800  to  900  feet  above  the  sea-level ;  and  on  the  Abberlej  and 
^i/bbrem  Badge  they  are  from  800  to  1000  feet  high  in  their  highest 
positions.  In  none  of  the  other  places  where  &ey  occur  do  the 
breccias  reach  so  great  an  elevation.  There  is»  therefore,  at  present 
no  disparity  so  great  between  the  relative  elevations  of  the  Longmynd 
Bange  and  the  breccia  as  to  induce  a  belief  in  the  probability  of  ice- 
bergs breaking  away  from  glaciers  on  that  old  shore  and  floating  in 
the  Permian  seas ;  but  it  must  be  recollected  that  in  Britain  great 
disturbances  of  the  strata  have  taken  place  since  Permian  times,  and 
in  various  places  alluded  to  in  this  memoir  the  Permian  strata  dip  at 
all  angles  between  6^  and  50^  so  that  their  present  relative  elevations 
give  but  little  due  to  their  ancient  phjrsical  relations.  A  general 
tilting  upwards  of  the  country  to  the  amount  of  1°  to  the  west  would 
raise  the  Stiper  Stones  from  1000  to  2000  feet  higher  above  Abberley 
Hin  and  Bromsgrove  than  they  are  at  present;  and  2^  or  3^  would 
double  and  treble  this  difPerence,  and  yet  make  no  veiy  sensible 
change  in  the  relative  slopes  of  the  ground.  Apart,  however,  from 
such  speculations  of  mere  tilting,  there  is  one  point  which  may 
possibly  bear  upon  the  subject  more  directly,  although  I  am  not 
inclined  to  attach  too  much  value  to  the  circumstance.  A  mat  fault 
lies  between  the  Longmynd  and  the  Breccias  on  the  east.  B^inning 
in  the  Upper  Silurian  rocks,  near  Gladestry  in  Radnorshire,  it  passes 
to  the  north-east  by  Presteign,  Bucknall,  Hopesay,  and  Church 
Stretton  to  Acton  Bumell,  and  from  thence  to  the  Severn,  where  it 
splits  and  passes  in  two  branches,  one  towards  Uppington,  the  other 
to  the  west  side  of  the  Wrekin,  throwing  down  the  Bunter  Sand- 
stone on  the  west  for  the  last  ten  miles  of  its  course.  It  is  also  a 
downthrow  of  about  2000  feet  on  the  west  near  Hopesay,  and  between 
Hopesay  and  Church  Stretton  it  varies  from  1500  to  2000  feet 

Affecting  all  the  rocks  from  the  Cambrian  to  the  New  Red  Sand- 
stone, this  dislocation  may  possiblv  have  had  its  throw  increased  at 
different  epodbs  ;  but,  assuming  K>r  the  sake  of  argument  that  the 
mam  throw  happened  after  the  close  of  the  Permian  period,  by 
amralfing  Uie  fault,  or  in  other  words  shifting  up  the  Longmynd  on 
the  west  to  the  amount  of  the  thtow,  we  obtain  a  configuration  of  the' 
ground  by  which  the  relative  levels  of  sea  and  land  might  have  been 
greatty  modified  during  the  Permian  epoch. 

Tbs  naturally  leads  to  another  (question.  It  will  be  remembered 
that  the  Cwadoc  limestone  (immediately  underlying  the  Wenlock  or 
Pentamerus  shale)  rests  directly  and  unconformably  on  the  Longmynd 
rocks ;  and  in  a  former  memoir*  I  showed  that,  while  the  Caradoc  and 
Upper  Saurian  beds  were  being  deposited,  the  land  consisting  of  the 
Longmynd  and  overlying  Lower  Silurian  gradually  sank  and  was  en- 
cased in  a  thick  coatmg  of  all  the  Upper  Silurian  rocks ;  and,  seeing 
that  it  is  partly  surrounded  by  high-lying  outliers  of  Old  Red  Sand- 
stonejt  is  more  than  probable  that  this  formation  may  have  been  added 
to  the  pile.  The  Wenlock  and  Ludlow  rocks  alone  of  this  neighbour- 
hood attain  a  thickness  of  3000  feet.  Now  the  Permian  brecciated 
*  Quart.  Joum.  GeoL  Soc.  vol.  iv.  p.  296% 
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fn^paaeatB  being  principally  fonned  of  Longmynd  grits  aood  of  the 
Lower  Silurian  slates  and  igneous  rocks  east  of  the  Stiper  Stones,  «e 
get  an  approximation  to  the  date  of  the  denudation  of  those  greit 
masses  of  strata  that  once  entombed  the  more  ancient  palseosoic  roi^. 
In  other  words»  thej  must,  in  part  at  least,  have  heea  stripped  from 
the  hiUs  that  ihej  enyeloped  before  or  during  the  Pwmian  period, 
otherwise  the  underlying  rocks  would  not  have  been  reached  and 
degraded  by  the  help  of  the  glaciers. 

Objeetiofut  anawered. — There  is  a  common  objection  not  yet  ex- 
ploded that  may  be  raised  to  the  view  taken  in  this  paper.  1  allude 
to  the  argument,  that,  the  earth  haying  gradually  cooled*  by  radia- 
tion from  its  circumference,  down  to  a  late  Secondary,  or  even  Ter- 
tiary period,  this  radiation  affected  the  entire  climate  of  the  world, 
and  gave  tropical  characters  to  its  fauna  and  flora  hi  down  in  geo- 
logic time.  To  treat  this  subject  in  detail  would  lead  to  a  disGOSskm 
too  lengthened  and  elaborate  to  be  introduced  as  a  subordinate  part 
of  a  memoir  the  main  object  of  which  is  simply  to  explain  the  ongin 
of  what  seems  to  be  an  andent  boulder-day ;  but,  as  the  question  of 
an  andent  tropical  uniformity  of  climate  is  still  frequently  asserted, 
it  cannot  in  this  place  be  altc^ther  omitted. 

Regarding  the  palseozoic  faunas,  many  paleeontologists  are  of 
opinion  that  there  is  no  ground  whateyer  for  attribud^  to  them  a 
tropical  character.  This  was  certainly  the  opinion  of  our  late  la- 
mented President,  with  whom  I  haye  often  conyersed  on  the  subject. 
Further,  the  diiSerent  assembla^  of  spedes  in  eauiyalent  formations 
in  yarious  localities,  eyen  in  Silurian  times,  would  seem  to  indimte 
that  the  laws  of  distribution  were  the  same  then  as  now.  Ndther 
has  it  eyer  appeared  to  me  that  the  style  of  reasoning  is  at  sll  con- 
clusiye  which  asserts  that  the  Secondary  faunas  were  necessarily 
tropical  because  of  the  peculiarities  of  form.  Of  late  tertiary  date 
there  was  an  age  when  elephants  ranged  eyery  latitode  from  India  to 
the  confines  of  the  Arctic  Circle.  Is  there  any  reason  why  at  an 
earlier  period  Ammonites,  Belemnites,  and  great  Saurians  should 
not  haye  done  the  same  ?  What  applies  to  animals  may  apply  to 
many  plants ;  and,  if  this  be  insuffident,  we  haye  in  the  arguments 
enforced  by  Sir  Charles  Lyell  respecting  different  distributions  of  sea 
and  land  good  cause  for  many  yariations  of  climate*. 

*  The  greatest  difficulty  in  the  case  seems  to  tie  in  the  oocmrence  of  Coal- 
measure  plants  in  places  beyond  the  Arctic  Circle,  in  Bear  Island  and  the  Green- 
land shores,  the  loose  cellular  structure  of  which  plants  would  seem  to  indioite 
that  they  could  neither  have  been  long  withdrawn  from  the  stimiUua  (tf  light,  nor 
yet  have  endured  the  long-continued  action  of  frost.  (Dr.  Hooker,  Memoirs  of 
the  GeoL  Survey,  vol.  ii.  part  2.  p.  396.)  The  whole  problem  is  in  many  wsya 
obscure,  and  it  is  probably  a  mixed  question,  some  of  the  elements  of  which  w« 
have  not  yet  got  hold  of;  but  it  may  surely  be  assumed  that  the  dogma  of  oiii. 
versal  tropical  ctimates  dependent  on  central  heat,  so  hi  from  beinff  pro?ed,  is 
daily  losing  ground.  One  ai^^ument  may  be  adduced  against  it,  whi<£  I  ^iak  is 
deserving  of  attention. 

The  average  melting-point  of  ordinary  lavas  is  said  to  be  something  intermediate 
between  those  of  silver  and  copper,  or  about  1934^.  Assuming  the  increment  oi 
internal  heat  as  we  descend  to  average  l**  for  every  60  feet  below  the  first  60  feet. 
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In  Gonnectioii  with  this  sapposed  umTersaUty  of  tropical  dunate, 
it  has  been  objected  that  the  nature  of  the  Penman  fauna  and  flora 
affordfl  an  argument  against  the  poasibilitj  of  glaciers  existing  in 
Permian  times  in  this  area,  more  especially  as  the  Permian  flora  suc- 
ceeds and  nearly  resembles  the  flora  of  the  Coal-measures,  supposed 
by  many  to  have  a  tropical  character.  To  this  it  may  be  rcmlied — 1  st^ 
'Hiat  tliere  is  nothing  m  the  Permian  marine  fauna  essentiafly  tropical, 
and  of  the  habits  of  the  one  solitary  Lahyrinthodan  we  are  altogether 
ignorant.  2nd»  It  was  the  opinion  of  Dr.  Mantell,  and  has  been 
confirmed  by  Dr.  J.  D.  Hooker,  that  the  Carboniferous  flora  indi- 
cates, not  a  tropical,  but  a  moist,  emiable,  and  temperate  dimate*, 
possiblY  such  as  that  of  New  Zealand ;  in  which  country,  it  will  be 
remembered,  there  are  glaciers  at  the  present  day  in  the  southern 
iriandt.  If  indeed,  after  the  early  stage  of  growth,  the  beds  of 
carbonaceous  matter  that  formed  coal  accumulated  in  a  manner  at 

the  tempentnre  of  rocks  would  rise  to  the  melting-poiiit  of  lava  at  113,100  feet 
beneath  the  surface,  assuming  for  these  Utitudes  a  constant  temperature  of  50^  at 
the  depth  of  60  feet.  It  does  not,  however,  therefore  foQow,  that  they  should  melt 
at  that  depth,  for  this  might  be  interfered  with  by  pressure ;  but  it  may  be  assumed 
that  under  such  cifcamstances  the  rocks  might  be  considerably  altered,  if  subjected 
to  this  hig^  temperature  for  a  great  length  of  time.  I  attribute,  for  instance,  in 
some  cases,  the  raetamorphism  of  sbsles  or  slates  into  gneiss  to  their  approacMng 
the  sphere  of  such  influences.  Now  (on  the  authority  of  Mr.  W.  Hoplons,  Quart. 
Joom.  GeoL  Soc.  voL  vixi.  p.  59),  "  the  present  effect  of  the  internal  heat  is  about 
one-twentieth  of  a  degree"  on  the  mean  superficial  tempentnre ;  but  to  affect  the 
extenialdimates  of  the  g^obe  1°  Fahr.  ^namely  twenty  times  the  present  amount) 
**  the  descending  rate  of  increase  must  have  been  twenty  times  as  great  as  at  pre- 
lent,  about  20°  Fahr.  for  every  60  feet;  and,  if  the  superficial  temperature  were 
thus  raised  about  10°  Fahr.,  the  temperature  at  the  depth  of  60  feet  would,  ac* 
cording  to  the  same  law,  exceed  200°  Fahr.,  and  all  but  surfsce-springs  would  be 
brings  of  boiling-water.  This  physical  state  of  our  planet  would  scarcely,  per- 
hi^  be  deemed  consistent  with  the  conditions  of  animal  life  at  the  more  recent 
geological  epochs."  To  this  conclusion  many  geologists  are  steadily  arriving; 
and  for  many  years  I  have  held  that  internal  heat,  at  least  since  the  formation  of 
the  oldest  fosailiferoos  rocks,  has  not  materially  modified  the  climates  of  the  world. 

On  the  foregoing  data  an  aigument  in  fisvour  of  this  view  may  be  drawn  from 
die  rocka  themselves.  Let  us  suppose  that  the  external  climate  was  affected  by 
inteinal  heat  only  1°  Fahr.,  involving  an  increment  of  20°  Fahr.  for  every  60  feet 
of  descent,  then,  instead  of  reaching  the  equivalent  temperature  of  the  surface- 
melting-pcdnt  of  lava  at  113,100  fieet  beneath  the  surface,  we  should  reach  it  at  a 
drath  of  about  5700  feet ;  and,  were  the  average  surfsce-temperature  increased 
l€r,  ire  ahould  reach  it  at  a  depth  of  about  580  feet.  The  thicknesses  of  many 
British  formations  have  b^n  determined  by  the  Geological  Survey.  Thus  in 
North  Wales  the  Barmouth  and  Harlech  grits  are  about  7000  feet  thick  vrithout 
our  reaching  their  base,  and  25,000  feet  of  Lower  Silurian  strata  are  conformably 
sDperimposA  on  these,  ^ug  a  total  of  32,000  feet.  But,  as  a  rule,  the  rocks 
are  not  highly  altered.  The  slates  are  cleaved  and  hardened ;  but  it  is  only  in  a 
few  places,  where  granite  or  other  allied  rocks  have  been  intruded  into  them,  that 
they  become  so  changed  as  to  deserve  the  title  of  metamorphic.  1  have  elsewhere 
shown  (Quart  Joum.  Geol.  Soc  vol.  iz.  p.  170),  that  the  Welsh  igneous  bosses 
that  eflict  this  alteration  were  simply  the  nuclei  or  centres  of  the  Lower  Silurian 
volcBBOs ;  and  in  areas  removed  from  these  the  rocks  remain  unmetamorphosed ; 
which  ought  not  to  have  been  the  case,  had  the  rocks  in  general  attained  and 
long  maintained  the  temperature  of  melting  lava  at  a  depth  of  only  5700  feet. 

*  Memoirs  of  the  Geological  Survey,  voL  iz.  part  2.  p.  399. 

t  I  derived  this  information  from  the  late  Dr.  Mantell,  who  informed  me  that 
he  had  received  descriptions  of  them  from  his  son. 
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all  analogous  to  the  mode  of  formation  of  peat-mosses*,  tliis  of  hsdf 
would  form  an  argument  against  the  tropical  character  of  the  cir- 
boniferous  flora,  for  peat-moss  only  grows  and  largely  increases  in 
temperate  and  cold  climates.  If  these  arguments  hold  good  far  coal- 
measure  plants,  thej  are  equally  applicable  to  those  of  the  Pennian 
period,  which  are  much  fewer  in  number  and  consist  principally  of 
Feins,  Calamitea,  CotdfertBy  and  a  few  Searweeds.  Even  if  Uie  Car- 
boniferous period  could  be  proTed  to  be  altogether  tropical,  a  glacial 
episode  in  Permian  times  would  not  be  so  remarkable,  seeing  that 
the  unconformity  of  the  Permian  on  the  Carboniferous  ndu  is 
everywhere  so  great  that  there  is  evidently  no  passage  or  direct 
sequence  in  the  strata,  and  probably  between  the  dose  of  the  Car- 
boniferous and  the  beginning  of  the  Permian  epoch  a  long  period 
elapsed  during  which  our  Carboniferous  rocks  were  upheaved  above 
the  waters. 

In  connexion  with  the  nature  of  the  ancient  life  of  the  foesilifenntt 
Permian  rocks  of  the  North  and  East  of  England,  a  third  argument 
remains,  which  has  even  more  weight  than  the  former  two.  The 
precise  relation  of  the  midland  Permian  beds  to  the  true  magnesian 
limestone  series  has  not  yet  been  completely  demonstrated.  The 
Alberbury  rocks  do  not  belong,  as  has  been  generallv  supposed,  to 
the  true  magnesian  limestone  of  Professor  Sedgwick,  but  are  formed 
of  a  breccia  on  the  same  horizon  with  and  strongly  resembling  that 
of  the  Abberleys  and  South  Staffordshire,  except  that,  instead  of 
trap  and  sandstone,  the  Abberley  fragments  are  derived  from  the 
carboniferous  limestone  to  the  north-west.  For  various  reasons  I 
beUeve  that  the  true  magnesian  limestone  series  is  higher  in  the 
Pennian  scale  than  the  rocks  of  the  midland  counties  f,  but  the 
question  is  yet  uncertain,  the  absolute  proof  being  wanting.  How- 
ever this  may  be,  why,  considering  tne  evidence  adduced,  mi^t 
there  not  be  a  glacial  episode,  marked  by  a  consolidated  Boulder- 
clay,  during  Permian  ages,  just  as  we  have  had  one  in  late  Tertiarj 
times,  that  may  be  said  nearly  to  approach  our  own  ?  If  the  newer 
Crag,  and  all  the  Pleistocene  l>eds  of  the  South  and  North  of  England, 
of  Ireland,  and  Scotland,  and  the  deposits  now  forming,  were  thrown 
far  back  in  time,  solidi^ed,  and  highly  disturbed,  we  should  oer- 
tainlv,  because  of  their  fauna,  include  them  all  in  one  geological 
epoch.  Uncertain  subdivisions  might  be  based  on  the  presence  of 
peculiar  mammals,  but  the  shells  would  be  so  nearly  the  same  tliat 
all  geologists  would  agree  in  referring  them  to  one  period,  and 
possibly  even  Miocene  beds  might  be  included,  but  as  a  lower  stage. 
Vet  in  the  midst  of  this  period,  and  indeed  since  our  existing  shdli 
appeared,  we  have  had  in  these  latitudes  a  rigid  arctic  dimate,  with 
its  glaciers,  its  great  moraines,  and  floating  bergs,  scattering  detritus 
from  the  Welsh,  Irish,  and  Highland  hills.  T^e  thickness  of  rocks 
affords  no  safe  test  of  the  time  occupied  in  their  accumulation,  but 
sometimes  it  aids  in  the  rude  estimate,  and,  compared  even  to  the 

*  See  also  Lyell's  '  Elements/  1851,  p.  335. 
t  See  '  Silurian  System.' 
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imdlaiid  part  of  the  Pennian  strata,  the  Crag  and  PleiBtocene  beds 
are,  as  masses,  saffidently  meagre. 

There  is  one  point  of  resemblance  between  these  Permian  breccias 
with  their  associated  strata'  and  the  Pleistocene  drift  deposits  worthy 
of  note.  In  the  latter  fossils  are  mnch  scattered,  and  in  most  of  the 
beds  of  rare  occurrence.  *  Thej  are  still  more  scarce  in  that  part  of 
the  Permian  series  with  which  the  breccias  are  associated.  I  have 
thought,  that,  in  like  manner,  this  paucity  of  life  may  be  connected 
m  these  latitudes  with  the  glacial  phsenomena  of  the  Permian  and  the 
Banter  periods,  and  I  no  sooner  mentioned  this  to  Professor  £.  Forbes 
than  he  suggested  that  it  might  also  be  connected  with  the  great 
break  in  life  that  has  taken  phce  between  Palaeozoic  and  Seoondaiy 
times.  In  connexioh  with  this,  in  so  far  as  it  affects  the  Bunter 
rocks,  I  may  state  that  near  Wribbenhall  in  part  of  the  pebble-beds 
(of  Bunter  date)  there  are  breccias  strikingnr  resembling  those  of 
Permian  strata ;  and  also  near  Astley,  a  little  S.W.  of  Stourport,  and 
probably  at  Alfrick,  at  the  base  of  the  white  sandstones  there  is  a 
lecurrence  of  the  same  phsenomenon.  It  is  possible  that  these  may 
have  been  reconstructed  from  the  waste  of  the  older  Permian  brec- 
cias ;  but  when  I  examined  them,  I  felt  more  disposed  to  attribute 
them  to  direct  glacial  action,  and  now  incline  to  connect  them  with 
the  passage  quoted  from  Mr.  Austen's  Memoir,  in  which  he  attri- 
butes the  transport  of  large  blocks  in  the  New  Bed  Sandstone  to 
gladal  agency. 
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§  4.  The  Woolwich  Sands  (lower  part  of)  and  Sables  de  Bracheox. 
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Divers  and  Lits  Coquilliers,  or  the  Glanconie  Moyenne. 
§  8.  The  London  Clay  and  Syst^me  Tpresien  inf^rieor,  or  Glaiae  Ypresiea; 
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§  9.  The  Lower  Bagshot  Sands;  Systdme  Tpresien  supSrienr  or  Sablei 

Tpresiens ;  Lits  Coquilliers  and  Sables  divers,  or  Glanconie  moyeaae. 
§  10.  Conclusion. 

Table  of  Equivalents. 

Bzplanation  of  Plate. 

Part  I.— Lower  Beds, — ^the  London  GROUPf. 

§  1.  Known  foreign  Eguivalente, 

In  a  former  paper  {  I  pointed  out  the  distinctive  pakeontologicaland 

physical  features  of  the  London  Claj  and  the  Bracklesham  Sands. 

Having  on  a  previous  occasion  shown  that  there  exists  a  close  analogy 

*  For  the  other  Communications  read  at  this  Evening  Meeting,  see  Quart. 
Jonm.  Geol.  Soc.  vol.  x.  pp.  454  et  seq, 

t  The  correlative  description  of  the  upper  groups  is  unavoidably  defened  to  a 
later  period. — J.  P. 

X  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  435. 
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between  tbe  latter  deposit  and  the  Calcaire  grossier* — a  conclusion 
confinned  and  rendered  more  definite  by  sabsequent  obserrations-— 
and  haying  established  the  reUtion  whidi  the  Tertiaries  of  London 
bear  to  those  of  Hampshire,  the  comparison  between  the  main 
dirisioiis  of  the  London,  Hampshire,  and  Paris  groups  becomes 
oomparatirely  easy.  At  the  same  thne^  owing  to  the  absence  or 
obscnrity  of  several  intermediate  links  in  the  Hampshire  group,  the 
exact  correhidmi  of  each  varied  member  of  the  more  distant  groups 
of  Paris  and  London  would  not  be  perfectly  clear  without  the  adoi- 
tional  assistance  of  the  Belgian  Tertiaries,  which,  as  they  afford  a 
type  in  many  respects  more  closely  allied  Uian  the  Hampsnire  series 
to  the  PUris  Tertiaries^  serve  to  complete  the  chain  of  evidence.  This 
comparison  of  the  Belgian  Tertiaries  was,  as  far  as  the  Lower  divisions 
are  ooncemed,  not  practicable  until  the  clear  and  exact  order  of 
superposition  establisned  by  M.  Dumontf ,  chiefly  upon  very  accurate 
physical  evidence,  and  confirmed  by  the  important  palseontological 
evidence  recently  brought  forward  by  Sir  Charles  Lyell^,  settled  the 
tme  grouping  of  these  Btrata§.  The  lists  of  fossils  from  the  Lower 
terdary  beds  of  Belgium,  previous  to  those  drawn  up  by  Sir  Charles, 
and  those  more  recently  published  by  M.  Omalius  d'Halloy||,  were 
either  too  erroneous  or  too  incomplete  to  allow  geologists  to  correlate 
satisfactorily,  upon  such  grounds,  this  series  widi  that  of  France  and 
ofEndandf. 

In  wis  part  of  the  paper  I  shall  confine  my  observations  to  those 
Tertiary  beds,  which,  commencing  immediately  above  the  Chalk,  are  in 
England  hmited  above  by  the  Brackleaham  SandSy  in  France  by  the 
Cdcaire  grander j  and  in  Belgium  by  the  SyHhne  BruxelUen  of  Du- 
mont.  My  object  will  be  to  show  the  more  exact  correlation  of  the 
strata  beneath  that  zone,  and  to  claim  for  the  London  Tertiaries,  as 
a  group,  a  distinct  and  independent  position  under  that  of  that  Paris 

*  Qaart.  Joarn.  Geol.  Soc.  voL  lii.  p.  378. 

t  Truis.  of  the  Acad.  Roy.  de  Bruxelles,  vols.  vL  xri.  zriu.  1839-1861. 

X  Qoart.  Journ.  GeoL  Soc.  voL  rilL  p.  277, 1852. 

i  Tlie  Tertiary  palKontology  of  Belgium  had  nevertheless  received  some  very 
vafaiable  contributions  in  aevenl  papers  by  M.  De  Koninck,  and  the  larger  mono- 
niph  of  M.  llyat ;  whilst  the  general  geology  had  been  partially  illoatrated  by  M. 
Galeotti  and  M.  Omalina  D'Halloy.  Sketches  of  local  sections  and  a  few  good 
genoal  sections  are  much  wanted,  however,  to  facilitate  the  study  of  the  Be^^ian 
tertiaries. 

II  Abr^  de  G^logie,  1853. 

%  One  instance  occurring  at  the  onset— in  the  lowest  Tertiary  beds  of  Belgium 
— sdfected  the  bearing  of  the  whole  sequence ;  for,  by  some  mistake,  in  previous 
works  on  Belgian  Geology,  amongst  the  fossils  of  the  "  Tiifeau  de  Linoent,''  or 
**  Landenien  inf^eur,"  a  number  of  Calcaire  grossier  species,  including  the  Nwm- 
mMei  knigahts,  had  been  introduced ;  tUs  is  now  proved  to  be  an  error. 
M.  lyArchiac,  who  has  given  two  most  excellent  sketches  of  the  relation  of  the 
Belgian  strata  with  those  of  France,  had  very  properly  overruled  this  anomaly, 
and  fixed,  vrith  bis  usual  discrimination,  the  corx^ation  of  all  the  more  important 
and  leading  middle  divisions  (BulL  Soc  G^l.  de  France,  voL  x.  p.  168,  and 
Hist  des  Prog,  de  la  0^1.  vol.  ii.  p.  500).  Another  step  has  also  recently  been 
made  in  correlating  the  higher  beds  by  the  evidence  brought  forward  by 
M.  Hubert  proving  the  dose  relation  of  the  fauna  of  the  limbourg  beds  with 
that  of  the  Gres  de  Fontainbleau  (Bull.  Soc  G^l.  de  France,  2nd  ser.  vol.  vi. 
p.  459). 


Digitized  by 


Google  I 


208  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

groap,  of  which  latter  the  Calcaire  grossier  may  be  taken  as  the  centre 
and  the  type*.    ^See  Table.) 

In  France  the  Calcaire  grossier  forms  so  wdU-marked  and  definite 
an  horizon^  that  no  difference  of  opinion  exists  with  reference  to  its 
range  and  characters.  The  Bracklesham  Sands  in  this  conntiy,  and 
the  Syst&me  BruxeUien  in  Belgium^  are  the  equivalents  of  this  portioB 
of  the  French  series,  and  afford  a  base-line  equally  well-jUfined. 
Between  ^is  geological  level  and  the  Chalk  the  strata  are  veiy 
variable.  Their  relative  position  in  the  mass  is,  however,  perfectly 
apparent ;  but  yet  there  is  in  this  portion  of  the  French  and  EngliBD 
tertiary  series  one  division  only  of  which  the  exact  synchnminn 
stands  recoenized  on  sufficient  combined  physical  and  palaeontological 
evidence,  viz.  that  division  formed  by  the  lignites  of  the  Soissonnaii 
and  the  fluviatile  beds  of  Woolwich  and  Lewishamf.  In  France  and 
Belgium,  the  zone  of  the  Nummulifes  plamdatus  in  the  upper  part 
of  ue  Soissonnais  Sands  and  of  the  Ypresian  series  forms  the  only 
other  well-estabhshed  zoological  horizon  in  these  lower  beds.  On 
stratigraphical  grounds  the  Ypresian  Cl^  of  Belgium  had  also  been 
referred  by  M.  Dumont  to  the  London  Clay. 

§  2.  Grouping  of  the  Lower  Tertiary  strata  in  France,  Belgium, 
and  England.    (See  Table.) 

In  the  Paris  district  the  strata  beneath  the  Calcaire  grossier  have 
been  variously  grouped.  By  M.  D'Archiac^,  in  his  veiy  able  daBsi* 
fication  of  the  French  series,  they  have  been  all  (with  the.  exceptioD 
of  the  Glauconie  grossifere)  included  in  one  group — ^that  of  his 
"  Sables  Inf<^rieurs,*'  or  Lower  Tertiary  Sands — oonsistiog  of  six 
members,  which  in  his  latest  work,  the  "  Histoire  des  Progr^  de  la 
Geolo^e,"  (vol.  ii.  p.  598)  stand  as  under,  commendng  with  the 
uppermost  division : — 

Group  of  the  "Sables  InfSrieurs''  (D'Jrehiae). 

ler  fitage.  Glaises  et  gables  glauoonieuz  (Clays  aad  g^uooniferous  sands). 

2  „        Uts  coqoillien  (Shell  beds). 

3  ,t       Sables  divers  on  Glaaoonie  moyenne  (Varied  Sands  or  middle  Glsv- 

'  conite). 

4  „        Greg,  poudingaes,  et  sables  coquilliers  (Sandstones,  puddrngstODCB, 

and  shelly  sandJs). 

5  tt       Glaises  sableuses,  Bancs  d'Hoitres,  etc.,  mames  lacustrea,  fignite, 

argile  plastique  (Sandy  days,  oyster  beds,  lacustrine  marls,  fignitei 
piaMiic  day). 

6  tt       Glaaoonie  inf^eore,  Calcaire  lacnstre  infdrieur,  poudingnes  et  sigilei 

du  sud-est  du  bassin  (Lower  Glauconite,  lower  lacustrine  limestone, 
conglomerates  and  clays  of  the  south-east  of  the  basin). 

This  series  is  only  fully  exhibited  in  the  more  northern  part  of 
the  Paris  tertiary  district.  This,  however,  is  the  area  with  which, 
as  it  is  the  nearest  to  England,  we  must  first  establish  our  rektions. 

*  See  also  Sir  Charles  Lyell's  and  M.  Dumont's  tables  in  Qnart  Jonrn.  GeoL 
Soc.  vol.  viii.  pp.  279  and  370, 1852. 

t  With  which,  as  suggested  by  M.  Dumont,  the  Upper  Landeniaa  is  qra- 
chronous. 

t  1839,  Bull.  Soc.  G^l.  vol.  x.  p.  172 ;  1840,  M^.  Soc  Gdol.  de  Franee, 
2nd  ser.  vol.  t.  p.  263 ;  1848,  Hist,  des  Prog,  de  la  G^l.  voL  ii.  p.  598. 
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M.  Graves*  not  only  includes  the  "  Sables  glauoonieux  and  Lits 
ooquilliers"  in  this  lowest  group  of  Sables  Infirieurs,  but  also  the 
overlyinff  "  Glauconie  grossifere^'  (which  M.  D' Archiac  places  with 
the  ''Calcaire  grossier"),  making  of  this  latter  division,  together  with 
the  1st,  2nd,  and  3rd  of  D' Archiac,  one  group ;  and  forming  a  second 
of  the  divisions  4,  5,  and  6  of  D' Archiac.  These  he  designates  as  the 
two  "  Groupes  des  Sables  glauconieux." 

M.  Raulinf,  on  the  contrary,  takes  the  ''Glauconie  grossi^re** 
and  the  **  Lits  coquilliers"  out  of  this  group,  and  classes  both  as  sub- 
ordinate members  of  the  Calcaire  grossier. 

M.  Charles  D'Orbigny,  in  his  "  Tableau  G6n6ral,"  also  makes 
two  groups  of  these  lower  French  Terdaries, — 1  st.  "  Sables  quartzeux 
dauconif^res"  (divisions  1,  2,  and  3  of  M.  D' Archiac)  ;  2nd.  "Argile 
rlastique;''  but  in  a  work^  more  recently  edited  by  him,  these 
are  further  subdivided  into— 1st.  An  upper  group,  consisting  of, 
— Glauconiferous  sands;  sands,  sandstones,  and  pebble  beds;  lig- 
nites, plastic  clay,  and  fossiliferous  conglomerates.  2nd.  A  lower 
one  of  the  lower  lacustrine  limestone  and  quartzose  sands. 

M.  Alcide  D'Orbigny,  who  considers  that  the  variation  of  the 
fimna  of  all  this  period  results  only  from  variations  in  the  depth  and 
saltness  of  the  waters,  forms  of  these  six  divisions  his  ''  £tage  Sues- 
flonien  ou  Nummulitique§", — his  oldest  Tertiary  group. 

In  Belgium,  M.  Dumont  divides  the  lower  Tertiaries  into  his 
''Upper  and  Lower  Ypesian,"  and  "Upper  and  Lower  Landenian" 
Systems;  whilst  Sir  Charles  Lyell,  combining  and  modifying  the 
dSuaification  of  Dumont,  Omalius  D'Halloy,  and  D' Archiac,  groups 
them  into  Lower  Nummulitic  beds,  London  clay.  Plastic  clay  and 
sands,  Glauconite  and  Tufeau  of  Lincent,  and  Marls  and  Glauconite 
ofHeers. 

In  England  I  have  placed  the  Lower  Bagshot  Sands  at  the  base  of 
the  Bracklesham  series ;  then,  in  descencting  order,  the  "  London 
day,"  the  "Basement-bed  of  the  London  clay,"  the  "Woolwich 
and  Reading  series,"  and  the  "Thanet  Sands.'^ 

It  is  curious  and  instructive  to  observe  how,  in  each  country,  the 
grouning  of  these  lesser  divisions  of  the  Tertiary  series  has  been 
based  upon  local  conditions.  This  is  probably  right  and  necessary 
in  establishing  a  local  order  of  superposition,  but  it  shows  also 
how  much  local  phsenemena  will  modify,  even  at  short  distances,  the 
apparent  relations  which  exist  in  nearly  allied  and  synchronous 
stnta ;  for  it  is  on  some  actual  predominating  feature  in  the  several 
districts  that  the  various  groupings  are  based.  Thus  I  have,  from 
the  recurrence  of  like  lithologicfu  characters  and  in  the  absence  of 
pakeontological  evidence,  referred  the  Lower  Bagshot  Sands  to  a 
subordinate  position  with  the  Bracklesham  series ;  whilst,  both  from 
organic  remains  and  structure,  the  London  clay  is  referred  to  a 

*  Bssti  SOT  la  Topographie  G^gnostique  du  D^partement  de  TOise,  1847, 
p.  174 ;  an  ezcdlent  local  work  to  which  we  shall  have  conatantly  to  refer. 

t  "  Patria,"  1847,  vol.  i.  p.  370. 

t  Manuel  de  G^logie,  1852,  p.  86  and  171. 

i  '*  Conra  £l^entaire  de  Paleontologie  et  de  G^logie/'  voL  ii.  p.  704.  and  713. 
VOL.  XI. — PART  I.  Q 
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dividon  aparty  but  nearly  allied  to  the  three  anderlying  snbdin- 
sions  of  ''the  Lower  London  Tertiaries."  In  Bel^nm,  on  tfas 
contrary,  M.  Dumont,  on  physical  evidence,  unites  into  one  gioap 
the  sands  and  clajs  of  Tpres ;  and  forms  a  second  gjonp  of  i& 
beds  beneath,  dividing  it  mto  the  Upper  and  Lower  Landeidan; 
whilst  Sir  Charles  Lyell,  mainly  on  the  evidence  of  the  organic 
remains,  places  the  Tpresian  Sands  at  the  base  of  his  middle  Eocene 
group ;  tne  Tpresian  clays  and  the  upper  Landenian  in  his  lower 
Eocene  group ;  and  the  lower  Landenian  in  a  separate  intermediate 
group  between  the  Tertiaries  and  the  Chalk.  In  France  the  con* 
stant  recurrence  of  very  similar  mineral  characters  in  all  the  stnta 
beneath  the  Calcaire  grossier  has  rendered  the  division  of  this  part 
of  the  Tertiary  series  rather  unsettled  and  difficult  of  exact  determi- 
nation. So  much  is  this  the  case,  that  M.  D'Archiac  observes*, 
that  '*  where  the  '  Lits  coquiUiers'  are  wanting,  there  is  no  mode  of 
separating  the  third  member  of  Uie  '  Sables  Infi^rieurs'  from  the  first, 
and  that  at  those  places  where  the  sandstones,  or  even  the  lignites, 
with  their  beds  of  clay  and  oysters  do  not  exist,  there  is  no  distinction 
to  be  seen  between  these  sands  of  the  third  division  and  the  Glauconie 
inf&rieure."  M.  Graves  also  statesf,  that  "  as  the  division  into  series 
of  the  '  Sables  glauconieux '  is  entirely  artificial,  when  the  fossils  are 
wanting  at  the  same  time  as  the  lignites  and  sandstones,  all  distine- 
tion  ceases,  and  the  beds  of  sand  continue  uninterruptedly  from  the 
Chalk  to  the  Calcaire  grossier,  without  the  possibility  of  distingniah- 
ing  any  divisions.'' 

It  was  this  unbroken  sequence  which  before  caused  me  to  hesitate 
in  assigning  to  the  London  clay  its  exact  paraUel  in  the  French 
series.  From  the  close  agreement  of  the  Calcaire  grossier  with  the 
Bracklesham  sands,  I  felt  no  doubt  of  the  infraposition  of  the  London 
day  to  the  former  deposit,  whilst,  from  the  agreement  of  the  Woolwich 
fluviatile  beds  with  the  lignites  of  the  Soissonuais,  I  was  satisfied  of 
its  superposition  to  the  latter  deposit.  But  then  in  France  the  beds 
beneath  the  Calcaire  grossier  were  in  perfect  sequence,  and  showed 
no  break.  Therefore,  if  we  looked  only  to  the  limits  afforded  by 
these  two  undoubtedly  good  geological  horizons,  the  London  clay  in 
England  held  exactly  the  place  occupied  in  France  by  the  "Lits 
cocpiilliers "  and  associated  sands  (J^t.  1,  2,  3,  I^Arch.).  But  the 
fossils  of  the  latter  presented  a  far  closer  agreement  with  those  of  the 
Calcaire  grossier  than  with  those  of  the  London  clay,  although  the 
number  of  known  species  common  to  these  beds  and  the  London  day 
appeared  at  that  time  larger  than  that  of  any  other  member  of  the 
English  series.  Consequently,  though  I  considered  the  London  day 
to  be  more  closely  connected  with  the  Lits  coquiUiers  than  with  the 
Calcaire  grossier,  with  which  it  had  previously  been  associated,  I 
stated^,  that  "possibly  the  London  Clay  may  have  been  formed 
durinff  a  period  not  represented,  or  only  very  partially  so,  in  the 
French  series  ; "  and  further  remarked,  that  I  was  inclined  "  to  con- 
sider that  the  London  clay  period  immediately  preceded  that  of  the 

*  Hist,  des  Prog,  de  la  G^ol.  vol.  ii.  p.  604.  f  Op.  cit.  p.  257. 

t  Quart.  Jonm.  Geol.  Soc.  vol.  iii.  pp.  376-7,  note. 
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'lits  ooauillien ;' — that  it  michroiiifles  with  some  of  the  older  por- 
tums  of  tiie  Sables  infitienn  (of  M.  D' Archiac) : — a  view  in  which  I 
tm  now  oonfinned  so  far  as  regards  the  higher  antiquity  of  the  London 
Clay^  but  which  deposit  I  howerer  now  consider  not  to  be  exactly  re- 
presented by  any  synchronous  strata  in  the  Paris  district. 

This  instance  of  the  intercalation  of  a  large  and  important  deposit  in 
England,  where  in  France  the  sequence  of  the  Lower  Tertiaries  is  so 
weU  maintained  that  there  is  no  appearance  of  any  link  missing,  is  a 
lery  remarkable  one.  Both  M.  IrArchiac  and  M.  Graves  hare,  as 
mentioned  above^  particularly  noticed  the  perfect  sequence  of  the 
beds  from  the  chalk  to  the  Caicaire  grossier,  and  I  can  bear  testimony 
Id  the  same  &ct.  Lithological  structure  and  superposition  seem  to 
indicate  a  complete  and  perfect  series,  whilst  it  would  i^ppear  that 
the  organic  remains  hare  not  been  considered  to  present  any  suffi- 
cient differences  to  nuHtate  against  this  view.  It  would  neyertheless 
seem  that  there  is  a  Tery  important  interval  between  the  *'  Lignites 
of  the  Soissonnais"  and  the  "  Lits  coquilliers/'  and  that,  at  so  short 
a  distance  as  from  Kent  to  the  Department  of  the  Oise,  there  is 
introduced,  wedge-shaped,  between  these  two  deposits,  the  large 
mass  of  the  London  clay  with  its  multitude  of  onjnnal  organic  re- 
mains. Tet  there  is  not  only  no  evidence  either  of  the  great  lapse 
of  time,  or  of  the  important  physical  changes  which  such  a  formation 
indicates,  but  there  is  even  no  cause  for  suspicion  of  such  a  fact  in 
the  apparently  complete  and  continuous  series  of  the  "  Sables  inf(^- 
rieurs'*  of  the  north  of  France. 

f  3.  Correlation  of  the  several  Divisions  of  the  Lower  Tertiaries. — 
The  T^hanet  Sands,  and  Landemen  infirieur. 

To  prove  the  foregoing  position  I  will  now  state  my  reasons 
for  the  correlation  I  propose  to  assign  to  each  member  of  the  Lower 
Tertiaries  of  England,  France,  and  Belgium,  commencing  with  the 
lowest,  viz.  the  "  Thanet  Sands."  This  deposit  ranges  through  that 
part  of  the  North  of  France  which  geologically  forms  a  portion  of 
the  Belgian  Tertiary  district.  At  the  Artesian  well  of  Calais  it  is, 
as  fiir  as  I  could  judge  from  the  few  specimens  preserved  in  the 
museum  of  that  town,  about  80  feet  thick,  or  about  the  same  as 
on  the  opposite  coast  of  Kent.  Between  Watten  and  St.  Omer 
the  Lower  Tertiary  Sands  crop  out  from  beneath  the  London  clay, 
and  the  Thanet  Sands  reappear  with  characters  closely  analogous  to 
those  which  they  present  near  Canterbury.  During  a  hasty  visit 
to  that  district,  I  found  in  some  semi-indurated  beds  numerous  im- 
pressions of  shells,  amongst  which  I  recognised  the  Thracia  oblata, 
the  small  Corbula  common  at  Pegwell  Bay,  and  traces  of  the  same 
Pholadomya,  Panop€ea,  and  Cyprina, 

In  the  neighbourhood  of  Lifie,  M.  A.  Meugy  *  describes  a  series 
of  beds  overlying  the  Chalk,  and  consisting  of  variable  strata,  from  15 
to  105  feet  thick,  of  dark  grey  or  blackish  sandy  clay  more  or  less 
g^nconiferous,  fine  sands,  and  semi-indurated  calcareous  marls,  with 
marine  shells.    These  are  precisely  the  characters  the  Thanet  Sands 

*  Esui  de  G^logie  pratiqae  inr  la  FUndre  Frsn^se,  Lille  1852,  pp.  117-126. 
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have  assumed  in  East  Kent ;  at  Pegwell  Bay,  for  example,  many  of 
the  lower  beds  are  unusually  alliaceous,  and  of  a  dark  grey  ooloor— 
some  are  fossiliferous,  others  without  a  trace  of  a  fossiL  M.  Mei^ 
states  that  the  strata  in  many  places  contain  marine  sheUs,  but,  with 
one  exception  (Cyprina  planata  [Aforrint  ?]),  he  gives  the  genen 
only,  and  not  the  species.  Sir  Charles  Lyell^  howeyer,  who  has  also 
examined  part  of  this  district,  states  that  at  Garvin  near  Ulle  the 
Cyprina  Morrisii  abounds  and  that  imperfect  casts  of  a  Ttarritelkt 
Jrca,  and  Carbula  occur*.  Further,  these  beds  are  considered  by 
M.  Meugy  as  the  continuation  of  the  Lower  Landenian  series 
of  Belgium. 

In  Belgium  this  character  of  these  beds  is  but  httle  modified;  but 
the  fossils  have  been  better  determined,  and  form  a  fauna  closely 
agreeing  with  that  of  the  Thanet  Sands.  I  have  found  at  Tonroi^ 
and  Mons,  fossils  which  I  have  identified  with  those  of  East  Kent, 
though  they  are  not  quite  so  numerous  or  varied.  The  occurrence, 
however,  amongst  these  few  of  such  species  as  the 

Astarte  tenen,  Mor,  (A,  iiusquHatera,  Njst)        Pholadomya  omeata.  Sow. 

Cacullsa  crassatma,  Lam.  Koninckii,  Ayt/. 

Paoopaea  granulata,  Mor.  Cyprina  Morrisii,  Sow. 

combined  with  the  general  resemblance  in  mineral  characten, 
development,  and  superposition,  confirms  me  in  the  behef  that  the 
same  deposit  occupies  the  same  position  at  the  base  of  the  Tertiaiy 
series  in  both  countries f.  M.  Dumont,  from  an  examination  of  tlK 
Htholo^cal  structure  of  the  beds  overlying  the  Chalk  at  Chiselhnnt 
and  Woolwich,  had  before  come  to  the  conclusion  that  these  Lower 
Tertiary  Sands  are  of  the  same  age  as  those  in  Belgium — that  they^ 
are  the  equivalents  of  the  lower  division  of  his  Landenian  system. 

I  have  not  been  able  satisfactorily  to  recognise  the  Thanet  Sands 
in  the  Pans  Tertiary  district ;  but,  from  the  frequent  difficulty,  even  in 
this  country,  of  distinguishing  this  division  from  the  one  next  above  it, 
— for  the  hthological  characters  of  the  two  are  often  almost  identical, 
— it  would  be  impossible  to  say,  in  the  absence  of  sufficient  organic 
remains,  whether  some  portion  of  the  Glauconie  infi^rieure  of  M.D*Ar- 
chiac  should  not  be  referred  to  the  Thanet  Sands  period.  This 
Glauconite  forms  the  base  of  the  Tertiary  series  in  the  more  northern 
portion  of  the  Paris  basin,  and  detached  outliers  of  it  are  common  on 
the  chalk  hills  which  separate  the  Paris  and  Belgian  Tertiary  areas. 
It  rarely  exceeds  20  to  30  feet  in  thickness.  M.  D*Archiac  notices 
the  constancy  of  its  characters  and  the  rarity  of  organic  remuns, 
the  only  fossUs  he  has  been  able  to  detect  being  casts  of  some  marine 
bivalves,  referred  to  the  Cyprina  Scutellaria,  Desh.,  Serpula,  casts  of 
a  species  of  Sponge  (Sponffia  nidus-avU,  D*Arch.),  bones  of  EmydtM 

*  Qaart.  Joorn.  Geol.  See.  vol.  viiL  p.  360. 

t  M.  OmaliuB  d'Halloy  in  his  last  work,  with  which  I  have  bat  just  beeome 
acquainted,  gives  a  corrected  list  of  these  fossils  amounting  to  14  spedes.  Of 
these,  besides  those  quoted  in  the  text,  the  Ntteuta  J^ragiMa  also  occnn  io  the 
Thanet  Sands,  the  SctUaria  Dumoniiana  of  Nyst  is  probably  the  5.  Bowerkmtu  of 
Morris,  and  the  Panqpeea  intermedia^  Sow.,  the  P.  granulata,  Mor.  The  LAt 
Cytherea,  Area,  Pinna,  and  Modiola  wUl  also,  I  think,  prove  to  be  spedes  common 
to  both  countries.  The  list  of  fossils  from  these  beds  is,  however,  yet  fiur  firoin 
complete.~J.  P.,  Jun.,  April  1855. 
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and  of  the  Paiaoeum  primamu,  M.  D*  Archiac  himself*  refers  these 
beds  to  the  Lower  Landenian  of  Mohb  and  Ciplj,  hut  their  litho- 
logicsl  stnicture  will  answer  equally  weU  for  the  lower  part  of  the 
upper  or  next  division^  whilst  their  general  structure  and  the  character 
or  the  few  fossils  here  named  inclme  me  to  place  them  generally  in 
a  rather  higher  position.  Still  it  is  quite  possible  that  some  hecb  of 
the  Thanet  Sands  maj  stretch  as  far  south  as  some  parts  of  the 
Department  of  the  Aisne — ^further  than  the  London  Cla^,  but  not 
80  far  as  the  next  division  of  the  Lower  Tertiary  Sands,  with  which, 
owmg  to  the  want  of  distinctive  characters,  they  might  naturally 
enough  be  associated.     (See  PI.  VIII.,  Diagram,  str.  g  and  A.) 

§  4.  The  Woolwich  Sandsf  (lower  part  of),  and  Sable*  de 
Bracheux. 

In  parallellising  another  portion  of  the  French  series,  well  developed 
in  parts  of  the  departments  of  the  Oise,  Aisne,  and  Mame,  a  difference 
of  opinion  as  to  its  exact  position  renders  it  necessary  to  go  into  this 
part  of  the  inquiry  separately  and  in  greater  detail.  I  allude  to  those 
occasbnally  fossiliferous  sands,  of  which  the  well-known  sections  and 
fossils  at  Bracheux,  Abbecomt,  and  Noailles,  near  Beauvais,  have 
been  taken  as  the  type.  The  superposition  of  these  beds  is  not  at 
firet  sight  very  apparent^.  By  M.  iVArchiac  they  were  originally 
considered  sydbironouswith  theGlauconie  inf^rieure  and  to  underlie  the 
Lignites  and  Argile  plastique,  and  that  view  is  taken  by  M.  Graves 
and  M.  Hubert.  From  the  general  absence  of  fossils,  however,  with 
the  few  exceptions  named  above,  and  some  later  observations  showing 
that  in  some  places  a  bed  of  sand  with  Pectuneulus,  Nucula,  Car- 
dnmy  &c.,  overlies  the  lisnites,  M.  D*  Archiac  separates  the  Glauconie 
inf<^ure  from  the  marme  sands  of  Beauvais,  leaving  the  former 
beneath  the  lignites,  but  placing  the  latter  above  them.  The  lower 
marine  sands  of  the  neighbourhood  of  Rheims  and  Laon  have  in 
oonseonence  Ukewise  been  referred  by  M.  D'Archiac  to  a  position 
over  the  lignites ;  by  M.  Melleville  the  lignites  are  considered  sub- 
ordinate to  the  sands ;  and  by  M.  H^rt  the  lignites  are  placed 
aboye  these  sands. 

There  is  further  at  a  few  places  in  Champagne  another  deposit, 
loeal  in  its  nature,  but  of  much  interest  from  Uie  peculiar  group  of 
land  and  freshwater  shells  which  it  contains,  viz.  the  cidcareous 
marls,  or  concretionary  travertin,  of  RiUy.  At  this  spot  these  marls 
repose  upon  a  mass  of  remarkably  pure  and  white  quartzose  sands. 
The  infiraposition  of  these  various  beds  to  the  lignites  was  proved  by 
M.  Charles  d'Orbigny,  but  their  exact  geological  relations  were  not 
shown.  M.  D'Archiac  considers  these  sands  to  be  the  equivalents 
of  his  Glauconie  inf^rieure,  and  therefore  older  than  the  marine  sands 
of  Beauvais.     M.  H^ert  refers  both  the  marls  and  the  sands  to  a 

*  CoDsidering  the  fossUiferoiu  sands  of  Beaavais  to  belong  to  a  higher  part  of 
the  series. 

t  Or  the  Woolwich  and  Reading  series. 

i  As,  in  the  mau^ffA  the  Tertiaries,  these  strata  crop  ont  usually  at  the  base  of 
rteep  slopes,  they  are  generally  covered  by  earth  and  debris,  and  therefore  are 
nrdy  exposed  in  good  or  continuous  sections. 
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period  anterior  to  any  other  of  the  French  Tertiaries,  and  onue- 
quently  preceding  the  Glauoonie  infi^rieure.  He  regards  them  both 
as  formed  in  a  large  freshwater  lake,  the  deposits  of  which  were, 
with  the  exception  of  a  few  isolated  masses,  swept  awaj  by  an  irrup- 
tion of  that  sea  in  which  the  marine  sands  of  Laon,  Rheims,  and 
Beauyais  were  accumulated,  and  by  which  sands  they  are  now,  as  it 
were,  incased.  In  a  paper  communicated  last  year  to  the  Geological 
Society  of  France,  I  haye  endeayoured  to  show  that,  on  the  coa- 
trary,  these  sands  of  Billy  are  independent  of  the  marls  which  oyerlie 
them,  that  they  contain  marine  shells,  and  that  they  are,  in  ftct, 
but  part  of  the  marine  sands  of  Rheims  and  Laon  which  stretch 
around  them  on  the  same  level ;  the  difference  of  mineral  character, 
and  the  absence  of  shells,  except  as  casts,  being  attributable  to  the 
infiltration  of  limpid  fresh  water,  charged  with  carbonic  add,  whidi 
deposited  the  oyerlying  tufaceous  marls  or  trayertin*. 

Although  on  the  whole  we  haye  not  in  England  so  full  and  varied 
a  development  of  organic  remains  in  the  Lower  Tertiaries  as  prevBib 
in  France,  there  are  nevertheless  some  phsenomena,  which  I  have 
had  occasion  to  observe  in  the  Lower  London  Tertiaries,  which  may 
tend  to  throw  light  upon  these  differences  of  opinion ;  and,  taken 
together  with  the  facts  presented  by  the  French  series,  may  prove 
sufficient  to  establish  the  order  of  superposition  and  the  correlation 
of  the  different  beds. 

In  England  next  above  the  Thanet  Sands  we  have  the  complicated 
series  of  Woolwich  and  Reading.  In  the  Isle  of  Wight  it  consists 
almost  entirely  of  pure  tenacious  mottled  clays,  whidi  range  to  the 
neighbourhood  of  London ;  but,  as  they  approach  this  centre,  they 
become  more  and  more  interstratified  with  beds  of  sand  and  pebbles, 
until  at  last  these  latter  entirely  replace  the  clays.  With  very  few 
exceptions  the  only  fossil  shell  found  westward  of  the  vicinity  of 
London  is  the  Oatrea  Bellovacina,  which  occurs  at  places  at  the  base 
of  the  clays.  In  the  neighbourhood  of  London,  the  Fluviatile  bedi 
of  Woolwich  distinctly  set  in  in  the  midst  of  this  deposit  with  the 
mottled  clays  both  above  and  below  them,  and  the  whole  mass  be- 
comes pervaded  with  a  fluviatile  and  sestuarine  fauna.  Proceeding 
further  eastward  these  mineral  characters  undergo  a  further  change; 
the  clays  die  out,  and,  with  the  exception  of  occasional  pebbly  bands, 
the  strata  pass  into  a  mass  of  white  and  greenish  quartzose  sands ; 
while  at  the  same  time  the  estuarine  and  fluviatile  fauna  graduallv 
disappears  and  is  replaced  by  a  marine  one.  It  is,  however,  not  until 
we  reach  the  N.E.  of  Kent  that  this  change  is  effected ;  and  even 
then  the  fossils  are  very  rare,  preserved  as  it  were  by  accident,  tot 
the  calcareous  matter  of  the  shells  has  almost  always  been  dissolved 
out)  and  it  is  only  in  some  few  places,  where  siliceous  casts  have  occu- 
pied the  produced  cavities,  that  evidence  of  this  marine  fauna  existsf. 
(See  PI.  VIIL,  Diagram,  str.  a,  e,  and/.) 

*  Ball.  Soc.  G^L  de  France,  2nd  Ser.,  vol.  x.  p.  300.  M.  Hubert  bai  iiDce 
replied  to  these  observationB,  and  maintains  his  original  views.  He  has  also  noted 
some  new  localities,  Bull.  vol.  x.  p.  436. 

t  For  particulars  of  the  changes  in  the  structure  and  organic  remains  of  tMs 
series,  see  Quart.  Joum.  Geol.  Soc.,  vol.  z.  p.  75-170. 
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It  is  more  particularly  in  the  lower  part  of  this  diTision,  or  that 
portion  of  it  characterized  by  the  Ostrea  Bellovacina  (Beadiiig  and 
London),  that  this  derelopment  of  marine  forms  occurs.    Fortu- 
nately the  fossils,  though  few,  are  characteristic,  and  sufficient  to 
establish  a  very  marked  analogy  with  the  fauna  of  the  sands  of  Bra- 
chenx.    It  is  to  this  part  of  the  Lower  London  Tertiaries  that  I  would 
also  refer  the  lower  marine  sands  of  Laon,  Rheims,  and  the  sands 
miderlying  the  travertin  of  Billy.     In  the  first  place  the  eeneral 
relation  of  these  beds  of  sand  to  the  lignites  and  fluyiatile  beds  is 
eyeiywhere  the  same  both  in  England  and  France.     In  East  Kent 
they  form,  as  before  said,  the  lower  part  of  the  group  which  passes 
at  Woolwich  under  the  clays  with  Cyrena,  Melanopsis,  Paludina,  &c. ; 
and  it  is  precisely  in  the  same  position  that  they  occur  in  the  Beauvais 
and  Champagne  districts,  for  there  also  they  clearly  underlie  beds  of 
fluTiatile  clays  and  lignites.     Neither  is  there  any  discordance  in  the 
mineral  characters.  In  East  Kent  the  sands  are  quartzose,  sometimes 
nearly  white,  and  at  others  much  mixed  with  green  sand  with  a  few 
flint  pebbles.     In  the  Beauyais  district  they  also  consist  of  a  base  of 
whitish  quartzose  sand,  more  or  less  mixed  with  grains  of  green  sand, 
occasiomuly  coloured  in  parts  by  the  oxide  of  iron,  and  likewise 
containing  some  flint  pebbles ;  they  there  merely  exhibit  in  addition 
alight  traces  of  carbonate  of  lime.     As  the  sands  range  into  Cham- 
pagne, they  become  rather  finer,  the  green  particles  fewer,  and  therefore 
the  mass  is  often  formed  of  a  nearly  pure  white  quartzose  sand, 
especially  where  it  has  been  subjected  to  the  washing  process  which 
accompanied  the  deposition  of  the  Billy  travertin,  wherever  that  bed 
overlies  the  sands.    In  addition  to  these  common  mineral  and  palseon- 
tolc^cal  features,  there  is  a  common  physical  feature  mamtained 
throughout  their  range,  one  of  no  importance  separately,  but  of  some 
value  conjointly,  viz.  the  presence  of  rounded  and  much-worn  flint 
]|ebbles  sometimes  scantily  scattered  through  these  sands,  at  other 
times  arranged  in  bands,  chiefly  at  their  base.    (Diagram,  str.  e,/,  n.) 
The  fossus  are  dispersed,  as  in  the  English  series,  in  patches,  and 
rarely  form  continuous  or  widely-extended  bands.     The  lists  of  or- 
ganic remains  given  by  M.  Graves*  and  M.  Mellevillef  enable 
us  now  to  compare  the  fauna  of  the  Beauvais  and  Champagne  sands  ^ 
with  that  of  the  Woolwich  Sands  of  East  Kent.     I  shomd  observe, 
however,  that  in  this  country  these  organic  remains  are  far  from  being 
worked  out  so  fully  as  in  France,  for,  with  the  exception  of  the  col- 
lection made  by  ^Lr.  Lavton  and  myself  at  Richborough,  and  by  my- 
self at  Heme  Bay  and  OakweU,  no  fossil-examination  of  these  beds 
has  taken  place ;  at  the  same  time  their  Umited  development  under 
marme  conditions  in  England,  and  their  peculiar  mineral  characters, 

*  Op,  eit.  p.  196. 

t  "  M^moire  but  lea  Sables  Terdaires  inf^enra  du  Bassin  de  Paria."  (Annalea 
des  Sciences  gfologiqnes,  vol.  xi.  1845,  p.  9-13.) 

X  M.  Rondot  also  gives  a  list  of  some  of  the  characteristic  species  ("  Etude 
Geologique  da  Pays  de  Rheims/'  Ann.  de  TAcad.  de  Reims,  ann^  1842-43). 
M.  Hebert  makes  a  further  addition  to  the  Rheims  fauna,  and  states  that  the 
nomber  given  in  M.  Melleville's  list  is  far  from  being  complete  (Bull.  Soc.  G^l. 
2nd  Ser.  vol.  vi.  p.  729-730). 
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almost  preclude  us  from  hoping  to  find  in  them  a  fiuma  equallj 
abundant  with  that  of  the  presumed  synchronous  series  in  France. 
In  the  neighbourhood  of  London,  where  however  estuarine  condi- 
tions prevaU,  the  organic  remains  have  been  the  object  of  earlier  and 
more  contmuous  research,  and  the  lists  of  these  fossils  are  therefore 
fiiller  and  more  satisfactory.  . 

In  East  Kent  the  number  of  marine  species  hitherto  detennmed 
from  the  Woolwich  and  Reading  series  amounts  to  fifteen.  Limited 
as  is  this  fauna,  it  is  very  characteristic.  Seven  of  the  species  arc 
likewise  found  in  the  lower  sands  of  the  neighbourhood  of  Beauvais 
and  of  Bheims.    These  are  the, — 

Cardium    Plumateadiense,    Sow,     (C.  Cythcrea  Bellovacina,  Dct*. 

genugrtmuloium,  Sow.  of  Graves.)  Pectunculus  tercbratulang.  Lam.    {^. 

Corbula  Regulbiensia,  Mor.    (C.  /cm-  brevirostrig,  &  P.  PhatuUaduMU, 

gtrostrii,  Desh.  of  Graves.)  Sow.) 

Cacullea  crassatina,  Lam,  Teredina  penonata,  Desk. 
Cyprina  Scutellaria,  Desh, 

Of  the  other  eight  species,  four  (the  Cardium  Laytoni,  Glynmerit 
Rutupiensisy  Satiffuinolaria  Edwardwiy  and  Ampullaria  ntbdeprtnd) 
being  new,  and  but  recently  described,  have  not  yet  been  compared 
with  foreign  specimens;  the  Corbula  Amouldii?  occurs  in  the 
lignites  near  Rheims ;  the  Teredo  antenautcB  may  probably  prove  a 
variety  of  the  Teredina  pereonata ;  so  that  there  are  only  two  of 
the  older-known  described  species  (the  Thraeia  oblata  and  Cj^^rvM 
Morrim)  which  have  not  yet  been  quoted  in  the  French  lists*. 

The  seven  species  common  to  the  two  countries  are  precisely  those 
which  are  amongst  the  most  characteristic  fossils  of  the  lower  sands 
of  the  Beauvais  district,  as  they  are  of  the  Woolwich  Simds  of 
East  Kent. 

As  before  mentioned,  the  Woolwich  and  Reading  beds  present,  in 
their  western  area,  an  evidently  continuous  and  unbroken  series  of 
like  sands  and  mottled  clavs  from  top  to  bottom ;  but,  as  they  range 
by  the  neighbourhood  of  London,  the  fluviatile  and  fireshwater  clays 
and  lignites  of  Woolwich  and  Lewisham,  set  in  in  the  midst  of  this 
series,  dividing  it  into  three  divisions.  The  lower  one  consists  of 
sands  and  pebbles ;  the  middle,  of  clays ;  whilst  in  the  upper  one, 
sands  i^ain  predominate.  As  they  trend  eastward,  the  central  divi- 
sion thins  out,  and  the  upper  and  lower  beds  of  sand  blend  and  form 
an  indivisible  series.  The  lower  division,  with  marine  shells,  of 
East  Kent  contains  in  West  Kent  a  few  sestuarine  shells  only; 
whereas  the  upper  division,  in  the  neighbourhood  of  Woolwich  and 
Bromley,  has  a  rich  fluviatile  and  seatuarine  fauna,  with  also  some 
manne  shells ;  but  as  the  fresh  and  brackish  water  fossils  are  of 
Identical  species  in  the  three  divisions,  I  consider  them,  notwith- 
fltandmg  the  occasional  and  exceptional  presence  of  marine  forms,  as 
tormmg  only  one  group.  Taking  now,  therefore,  the  Woolwidi 
senes  of  West  Kent  in  its  entirety,  we  will  first  examine  how  far  its 

M.VeUeviUe'Turts'  ^*^*^  ^°  ^^^^  "°^  ^^^  pnblication  of  M.  Graves's  wd 
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organic  lemains  agree  with  species  found  in  the  sands  of  Brachenx 
and  RliMiTi«^  and  afterwards  consider  the  relation  they  hear  to  those 
of  the  *' Lignites"  of  the  Soissonnais. 

The  nnmher  of  descrihed  species  in  the  immediate  district  of 
Woolwich*  is  fortj-two,  of  which  the  following  nineteen  are  found 
also  m  the  ahore-named  sands  in  France. 

Area  deprena,  Sow,    {A.  tMaiularu,  Teredina  penonatt.  Desk, 

MdL  ?)  Bucdnum  fissuratum,  Deth.  ? 

Cardinm  Plumttetdieiue,  Sow*  Calyptnea  trochiformis,  Lam, 

Ccvbnia  Rq^ulbieiisis,  var.  /3,  Mor.f  Ceriduum  variabile,  Deak, 

CjTOA  cuneifonius,  F^,  Fusiu  latns,  Sow,  (F,  deeephUf  Deah.  ?) 

intennedia,  Mett,  planicostatns,  MelL  ? 

Nocola  fragilis.  Desk.  Melaoia  inquinaia,  Drf, 

OBtrea  BeUovacina,  Desk.  Melanopsia  buccinoides,  Deok. 

teaera,  Sow.  ( O.  angmita,  Desh.  ?)  Neritina  pisifonnis,  FA:  ? 

Pectuncalua  tarebratularU,  Lam,  yicina,  MelL  ? 

Of  the  other  twenty-three  species,  fourteen  are  new ;  and,  as  there 
are  still  many  undetermined  species  from  the  Bracheux  and  Rheims 
sands,  it  remains  to  he  seen  how  many  of  these  new  forms  may  be 
ident^ed  upon  a  more  thorough  examination.  Deducting  these 
fourteen  species,  there  is  a  remainder  of  nine,  eight  of  which,  although 
not  occurring  in  the  marine  beds  of  Bracheux,  exist  nevertheless  in 
those  fluviatSe  and  freshwater  beds  (lignite  series  of  the  Soissonnais) 
which  I  believe  to  be  subordinate  to  these  sands. 

Viewing,  therefore,  the  Woolwich  and  Reading  fauna  as  a  whole, 
and  striking  out  the  newly  described  species  and  the  more  freshwater 
forms  which  belong  to  the  subordinate  lignites,  we  have  twenty-nine 
estnarine  and  marine  species.  Out  of  this  number  twenty-two  are 
found  in  the  sands  of  Bracheux  and  Rheims, — evidence  which,  allow- 
ing for  variations  produced  by  geo^aphical  distribution,  I  take  as 
ftrangly  conclusive  of  the  correlation  of  these  two  groups  in  the 
Paris  and  London  tertiary  districts. 

§  5.  Middle  beds  of  the  Woolwich  and  Beading  Series^ — the 
Fluviatile  Clays  and  Lignites;  **  Lignites  du  Soissonnais*' 

Extending  over  a  very  small  portion  of  the  area  of  the  Woolwich 
and  Reading  series,  but  more  largely  developed  in  France,  are  certain 
well-marked  beds  of  clay  with  occasional  lignites,  characterized  by  a 
well-known  freshwater  and  fluviatile  fauna.  These  beds  have  been 
generally  considered  by  continental  geologists  as  distinct  from  the 
lower  marine  sands  of  Bracheux  and  Rheims ;  but  if  I  am  right  in 
correlating  these  sands  with  the  lower  part  of  the  Woolwich  and 
Reading  series,  then,  as  we  have  in  this  country  throughout  the 

*  Those  with  *'  €  "  attached  in  my  fonner  paper.  As  that  list  can  be  readily 
referred  to,  I  do  not  give  it  again  here.  See  Quart.  Joum.  Geol.  Soc.  vol.  x. 
p.  117 ;  see  also  further  on,  p.  219. 

t  This  species  is,  I  believe,  identical  with  the  Bracheux  Corhuia^  described  as 
C.  kM^proatriSj  Desh., — a  name  at  present  restricted  to  the  Fontainebleau  species, 
from  which  the  one  from  Bracheux  is  now  known  to  differ.  There  is  an  nnde- 
scribed  Demialhm  in  the  two  deposits  which  also  seems  identical. 
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depth  of  that  series  common  physical  charactersy  common  minenl 
structure,  and  common  fosnls,  showing  an  intimate  relation  of  con- 
ditions throughout  the  whole  period*  I  cannot  but  consider  that  in 
France  likewise,  notwithstanding  less  blending  of  the  several  paits, 
the  lignites  of  the  Soissonnais  and  fluriatile  clays  are,  with  the 
mottled  clays,  subordinate  to  an  equivalent  but  more  hurgely  deve- 
loped mass  of  marine  sands.  Where  the  organisms  of  two  groups  of 
strata  are  so  different  as  they  necessarily  must  be  in  these  marine 
sands  and  the  overlying  fluviatile  days,  an  apparent  distinctivenen 
is  produced  by  the  difference  of  conditions,  the  realitjr  of  which  can 
on^  be  tested  by  a  recurrence  to  like  terms  of  comparison. 

In  this  country  we  have  seen  that  the  marine  sands  pass  horixon- 
tally  into  estuarine  sands  underlying  the  fluviatile  cIbljb;  that  estuarine 
and  marine  sands,  with  a  group  of  shells  identical  with  those  descend- 
ing into  the  clays  and  underlying  sands,  occur  above  these  fluviatile 
clays ;  whilst  the  whole  of  these  three  subdivisions  pass  furtber 
westward  into  one  undistinguishable  series  of  unfossiliferons  mottled 
clays  and  subordinate  sands.  Now,  in  examining  closely  the  French 
series,  somewhat  similar  phaenomena  are  apparent.  M.  Graves  has 
noticed  in  several  places  the  occurrence  of  sands  with  marine  shells 
over  the  lignites  or  the  Soissonnais ;  and  so  marked  is  this  feature  at 
Varesne  and  St.  Sauveur  near  Pont  St.  Maxence,  that  M.  d'Ardiiac, 
looking  at  these  beds  as  the  equivalent  of  the  marine  sands  at  Bra- 
cheux,  has  on  this  evidence  been  incUned  of  late  to  place  these  latter 
above  the  lignites,  contrary  to  the  view  he  first  took  of  their  super- 
position, and  which  I  believe  to  be  the  correct  one  * .  The  occurrence 
of  9  to  10  feet  of  sand,  with  marine  shells,  such  as  Peciunculus  ten- 
bratularisy  Ostrea  Bellovadnay  Nucula^  Cardium^  Fenericardia^  Cert- 
thium,  and  also  the  Cyrena  eunei/ormis,  in  a  similar  position,  has 
been  noticed  at  several  other  places  in  the  departments  of  the  Somme, 
Oise,  and  Aisnef.  Although  the  fossils  of  these  beds  have  not  been 
thoroughly  examined,  the  notices  given  of  them,  and  the  few  I  have 
seen,  lead  me  to  believe  that  they  are  of  the  same  species  as  those 
found  in  the  Bracheux  sands,  and  consequently  that  we  have,  in 
these  beds  overlying  the  fluviatile  clays,  a  repetition  of  marine  ccm- 
ditions  such  (but  to  a  less  extent)  as  prevailed  before  the  intercalation 
of  the  subordinate  clays;  these  latter  appearing  therefore,  as  in 
Eneland,  in  the  light  of  a  temporary  and  local  accumulation  of  river 
or  lagune  sediment  spread  over  ground  from  which  the  sea  had  pai^ 
tiaUy  retired,  but  which  at  a  later  epoch  it  again  invaded. 

Wherever  the  fluviatile,  estuarine,  and  marine  conditions  of  this 
division  of  the  Lower  Tertiaries  (4,  5,  &  6  (part  f),  D* Archiac)  are 
in  full  force,  there  the  mottled  clay  (the  true  argile  plasHque  of  the 
French  geologists)  ceases  altogether  or  in  greater  part.  In  the 
neighbourhood  of  Paris,  the  lignites  and  fluviatile  beds  form  occa- 
sional bands  ("  fausses  glaises")  overlying  the  "  Plastic  Clay,"  This 
order  of  superposition — that  the  Plastic  Clay  forms  the  base  of  the 

*  1839,  BuU.  Tol.  X.  p.  172.  See  also  further  on,  p.  245,  for  section  at  Coivrel. 
t  See  Top.  G^.  du  D^p.  de  rOise,  p.  234  ;  section  of  the  Lagny  pit,  p.  211, 
and  mention  of  sandstone  blocks  at  Louvetain,  p.  224. 
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Tertiaries,  and  underlies  the  lignites  of  the  Soissonnais-^has  heen 
considered  definite.     (See  PI.  VIII.,  Diagram,  str.  I,  m,  n,  o.) 

But  there  seems  to  he  some  evidence  in  France,  as  in  England,  that 
the  Ugmtes  alternate  occasionally  with  the  mottled  clays,  and  that 
fluviatile  clays  with  the  Cyrena,  &c.  are  sometimes  round  under 
beds  of  these  clajs,  although  the  occurrence  of  such  phsenomena 
abroad  is  much  less  frequent  and  distinct  than  it  is  here.  Neyerthe- 
less  some  such  instances  may  he  detected  in  the  works  of  M.  Buteux 
and  of  M.  Graves,  notwithstanding  that  the  impression  of  the  authors 
seems  to  he  that  the  true  ''  argile  plastique  **  always  underlies  the 
lignite  and  fluviatile  days,  and  the  evidence  to  the  contrary  is  cer- 
tunly  scant.  The  former  author,  however,  sives  one  distinct  section 
at  March^le-Pot,  where  four  beds  of  varioudy  coloured  (mostly  red, 
and  with  pebhles  in  one  hed)  plastic  clay,  together  9  to  15  feet  thick, 
overlie  3  feet  of  Lignites  with  bands  of  other  clays ;  the  sections  also 
at  Mont  Soufflard,  Lihons,  and  Hallu  show  an  apparent  intermixing 
of  lignites,  mottled  days,  and  pebble  beds,  in  one  place  (HaUu)  over- 
lying sands  with  Cyrena  and  Cerithium*. 

M.  Graves  ^ves  a  section  at  Bonvillers,  where  7  feet  of  well- 
marked  mottlai  red  and  purple  clay  overlie  clays  with  Cyrena, 
(ktrea,  &c.  and  lignites.  At  Canly  also,  9^  feet  of  plastic  clay  re- 
poses on  freshwater  days  and  lignites ;  and  at  Coivrel  the  shells  seem 
sometimes  to  be  imhedded  in  mottled  claysf*  (See  also  p.  245-7.) 
With  reference  now  to  the  organic  remains  of  the  fluvutile  clays 
and  lignites  considered  apart,  the  evidence  of  the  synchronism  of  the 
French  and  English  series  has,  as  hefore  mentioned,  heen  oflen  ob- 
served upon  and  appears  well  founded.  In  the  London  district,  the 
eroup  of  shelly  days,  sands,  and  pebhle  heds,  with  lignites,  of  Black- 
heatn,  Woolwich,  New  Cross,  and  Lewisham  contain  forty-two  spe- 
cies of  mollusks,  the  following  eighteen  of  which  are  also  found  in 
the  lignites  of  the  Oise  and  the  Soissonnais : — 

Area  depreua,  Sow,  ^Cerithium  variabile,  Desk. 

*C7ieiui  candformis,  F^.  'fMelanla  inqoinata,  Deah, 

tellindla,  D«tA.  •Melanopsis  bacdnoides,  FAr. 

Nacula  firagiliB,  Deih,  andllaroideSi  Deth. 

*Ostrea  Belloyacina,  J)e$h.  Neritina  consobrina,  FA-. 

tenera.  Sow.  globulus,  D^. 

PectoDCuluB  terebratularis,  Lam,  piriformis,  F<fr. 

Teredina  personaia,  Deth,  Paludina  lenta,  Sow. 

Unio  Desbayesii,  Wat.  Planorbis  levigatus,  Deth. 

Those  marked  with  an  asterisk  abound  in  both  countries. 

Of  the  remaining  twenty-two,  the  following  eight  are  met  with  in 
the  Lower  Sands  of  Bracheux  or  of  Rheims  : — 

Cardium  Plumsteadiense,  Sow.  Calyptnea  trochiformis,  Lam. 

Gorbula  Regulbiensis,  Mor.  Fusus  latus,  Sow. 

Cyrena  intermedia,  MelL  planicostatus,  MelL 

Bncdnum  fissuratum,  Deah.  Neritina  vicina,  MelL  ? 

*  G^L  dn  Departement  de  la  Somme,  pp.  49,  33,  &  47. 

t  There  are  other  indications  in  M.  Graves's  monograph,  as  well  as  in  that 
of  M.  Buteux,  which  would  lead  me  to  believe  that  the  term  "  argile  plastique  " 
might  be  more  frequently  applied  to  some  of  the  overlying  clays.  Op.  eit.  pp. 
250, 239,  St  244.  That  the  name  is  not  applied,  or  that  they  are  referred  to  drift 
or  "  remanied  **  beds,  is  not  sufficient. 
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This  shows  a  total  of  twenty-six  out  of  the  forty-two  species  of 
our  English  species  as  common  in  the  lignites  or  in  the  lower  sandi 
of  the  French  series.  Of  the  other  sixteen^  ten  are  new  and  nre 
species,  which  have  not  yet  heen  made  the  object  of  research  and 
comparison  in  the  French  beds*. 

Taking  therefore  the  fact  of  the  recurrence  of  marine  fossils  abore 
similar  to  those  beneath  the  lignites  and  fluyiatile  clays,  and  sedng 
the  alternation  of  the  mottled  days  with  the  fossiliferous  bed8»  I 
think  that  we  should  place  them  all  in  one  group,  identical  as  a 
whole,  howsoever  variable  at  places,  in  mineral  and  pakeontolo^cal 
characters ;  and  that  even  in  all  the  subdivisions  of  this  portion  of 
the  French  and  English  series,  there  is  a  far  closer  correlation  than 
could  at  first  sight  have  been  anticipated.  As  a  whole,  the  total 
number  of  moUusks  belonging  to  the  Woolwich  series,  includiii^ 
the  marine  beds  of  East  Kent,  amounts  to  fifty-three  species,  thirtj- 
four  of  which  are  common  also  to  the  lignites  of  the  Soissonnais  and 
associated  fossiliferous  sands. 

In  French  Flanders  and  Belgium,  all  this  series  presents,  as  it 
were,  a  sort  of  neutral  ground.  Neither  the  great  mass  of  the 
mottled  clays  nor  the  fluviatile  shelly  cla^s  existf^  but  the  sands  of 
East  Kent  and  the  north  of  France,  in  their  unfossiliferous  condition, 
prevail  exclusively;  the  only  organic  remains  mentioned  by  M. 
Dumont  and  M.  Meugy  (and  they  under  the  circumstances  are  not 
unimportant)  being  a  few  traces  of  lignite.  Still  the  general  cha- 
racter of  these  sands,  and  their  superposition  on  the  lower  Landenian 
or  the  Thanet  sands,  leave  but  little  doubt  of  their  correlation  with 
the  Woolwich  and  Reading  series.    (See  PI.  VIII.,  Diagram,  str.  ij,) 

^  6.  The  Pebble  beds;  Grhe,  Poudingues,  and  Sables  (jyjrehiac). 

We  now  come  to  a  point  where  more  obscurity  prevails  in  the 
correlation  of  the  Frencn  and  English  series.  The  sections  of  the 
Lower  Tertiaries  forming  the  connecting  links  between  the  Paris  and 
London  Tertiary  districts  are  chiefly  met  with  in  mere  isolated  patches 
and  detached  outUers  on  the  extensive  chalk  plains  of  Picardy.  Con- 
sequently, as  the  series  is  very  variable,  and  the  sections  are  not  con- 
tinuous, great  dissimilarity  in  the  smaller  details  exists  between  the 
several  sections,  and  the  correlation  of  their  various  subdivisions  is 
frequentlv  far  from  apparent.  Thus,  on  some  of  the  hills  in  this 
extensively  denuded  district,  there  are  large  outlying  masses  of  mottled 

*  The  greater  and  more  distinctive  development  in  the  Paris  basin  of  both  tlw 
marine  and  freshwater  series  has  given  to  each  a  far  larger  fauna  than  we  potieas 
in  this  country;  for,  besides  the  species  named  above  as  common  to  the  Lignites  and 
Plastic  Clay,  there  are  twenty-seven  other  species  not  foond  here,  whilst  in  the 
lower  sands  of  B^eims  and  Bracheux  there  are  also  about  eighty  species  nnknown 
in  the  Woolwich  and  Reading  Series.  We  can  only  compare,  however,  the 
known  forms,  and  refer  the  greater  profusion  of  life  at  that  period  in  the  Rrendi 
area  to  the  more  exclusive  and  fuller  prevalence  of  marine  and  freshwater  con- 
ditions respectively.  Those  species  which  are  common  to  the  two  countries  sre. 
however,  generally  speaking,  amongst  the  most  characteristic  in  each. 

t  It  is  possible  that  some  rudiments  of  these  are  to  be  traced.  (For  some 
sections  of  this  series,  see  further  on,  p.  243.) 
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tlajs  and  lignites^  or  else  large  accumulations  of  flint-pebbles,  whilst 
another  not  uncommon  feature  is  the  occurrence  of  great  blocks  of 
sandstone,  often  disturbed,  but  hardly  removed  out  of  place,  and 
eoTeloped  in  a  drift-clay.  These  blocks  occasionally  contain  casts 
of  PectvnculuSf  Cardium,  CueuUaa,  Nueula,  Venerieardia^  CyrenOy 
Cerithium*  ;  often  also  th^  enclose  round  flint-pebbles  and  pass  into 
pudding-stones.     (See  PI.  YlII.,  Diagram,  str.  k,  L) 

M.  d'Archiac  describes  these  beds,  in  the  Department  of  the 
Aisne,  as  overlying  the  lignites,  and  M.  Graves  assigns  to  them  the 
same  position  in  the  Oise ;  but  the  exact  relation  of  the  associated 
great  shingle  banks,  without  fossils,  does  not  appear  very  distinct. 
Are  they  merely  large  lenticular  masses  intercalated  in  the  fourth  divi- 
abn  of  M.  d'Archiac,  and  forming  a  zone  parallel  with  the  blocks  of 
fossiliferous  sandstone,  as  suggested  by  him ;  or  are  they,  in  accord- 
ance to  M.  Graves's  opinion,  subordinate  at  times  to  the  Glauconie 
infi^eure,  and  at  others  to  the  Lignites  ?  There  is  no  doubt  that  the 
lower  sands  of  Beauvais,  and  the  lignites  and  the  sand  above  them, 
occasionally  contain  flint-pebbles,  sometimes  detached  and  sometimes 
m  bands ;  these  in  fact  seem  to  constitute  one  of  the  constant  minor 
characters  of  this  series  both  in  France  and  England.  It  is,  how- 
ever, a  question  whether  the  great  accumulations  of  flint-pebble 
shin^e,  such  as  occur  on  Mont  Soufflard  near  Montdidier,  at  Ga- 
let,  Siranmont,  and  other  places  on  the  confines  of  the  Departments 
of  the  Oise  and  the  Somme,  and  also  in  parts  of  the  Aisne,  do  all 
belong  to  the  same  zone  as  that  which  includes  the  fossiliferous  sands 
and  sandstones ; — whether  rather  these  shingle  beds  do  not  belong  to 
several  zones.  We  have,  in  Eneland,  at  the  base  of  the  Woolwich 
and  Reading  series  occasionally  large  accumulations  of  flint-pebbles 
(as  for  instance  at  and  near  Loudon),  mixed  with  greensand,  and 
sometimes  associated  with  the  Ostrea  Bellovacina;  at  Watford^ 
they  form  a  thick  bed  in  ochreous  sand  without  fossils.  Again,  we 
have  them  mixed  with  the  Mottled  Clay  itself  in  some  well-sections 
beneath  London  f  and  at  Lewisham ;  whilst  the  upper  subdivision 
also  of  the  Woolwich  sands  at  Woolwich  and  at  Sundridge  Park  is 
very  pebbly.     (See  PI.  VIII.,  Diagram,  str.  c,  e.) 

So,  in  France,  M.  Graves  mentions  that  the  "Glauconie  inf^rieure  " 
is  often  pebblv ;  that  at  Bracheux  a  bed  of  pebbly  greensand,  2i  metres 
thick,  underlies  the  fossiliferous  sands;  elsewhere  there  are  some 
subordinate  beds  with  pebbles  amongst  the  mottled  clays  of  the 
'*  argile  plastique ; "  whilst  in  other  places,  the  fossiliferous  sands 
ovenying  the  Lignites  pass  into  pebble  beds  and  conglomerates. 

AD  this  agrees  perfectly  well  with  the  structure  of  the  Woolwich 
and  Beading  series,  but  beyond  this  we  have  in  England  another 
shingle  zone, — that  of  the  Basement  bed  of  the  London  Clay.  This 
is  frequently  composed  of  great  masses  of  pure  shingle  without  traces 
of  fossils,  at  other  times  of  a  slight  layer  of  shingle  passing  up  into 
a  thin  bed  of  fossiliferous  sands.  This  irregular  distribution  I  be- 
lieve to  have  arisen  ftrom  the  change  in  the  position  of  the  sea  which 

*  An  exact  list  of  the  species  is  wanting. 
t  Quart.  Joarn.  Geol.  Soc.  vol.  x.  p.  142. 
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took  place  at  tlie  commenoeinent  of  the  London  day  period,  and 
whereby  a  large  bodr  of  water,  suddenly  displaced  and  passing  orer 
the  new-form^  seaphed,  swept  the  haidu  of  pebbles  formed  on  the 
seashore  and  spread  over  the  littoral  zone  during  the  Woolwich  and 
Beading  period,  leaving  them  in  some  places  merely  as  a  tlun  layer, 
and  at  otner  places  drying  them  into  thick  heaps. 

There  are  apparently  in  the  French  series  some  analopions  confi- 
tions.  There  are  many  large  accumulations  of  pure  shing^ ;  but  no- 
where have  these  been  traced  under  any  of  the  regular  strata,  as  «e 
can  trace  the  shingle  bed  of  Plumstead  under  the  London  Clay  of 
Shootcar^s  Hill.  In  those  places  where  the  fossiliferous  sands  orcr- 
lying  the  Lignites  are  pebbly,  the  fossils  are  evidently  such  as 
belong  to  the  Bracheux  group,  and  I  have  not  recognized  in  them 
any  of  the  more  ordinary  and  exclusive  London  Clay  forms.  When 
the  pebbly  sands  and  sandstones  are  overlaid  by  other  strata, — ^the 
''sables  divers"  of  M.  d'Archiac,  and  "Glauconie  moyenne"  of 
M.  Graves, — ^another  series  of  fossils  commences ;  amongst  these  are 
the  Peetunculu9  depressus,  OstreaJiabeUuloy  CrassateUa  lameUoBa^ 
Cawidaria  earinata,  and  other  shells  not  found  in  the  lower  sancU 
but  belonging  to  the  Calcaire  grossier  group.     ^See  Table.) 

Here  then  we  have  a  divergence  in  the  Lonaon  and  Pkms  series. 
I  doubt  whether  any  of  the  beds  just  described  are  the  eioict  equi- 
valents of  the  Basement  bed  of  the  London  Clay ;  whether  an^  of 
the  great  isolated  masses  of  pebbles  on  the  confines  of  the  ram 
district  were  then,  as  in  England,  swept  into  their  present  place 
from  their  previous  position  in  the  underlying  sands  and  days.  The 
general  appearances  are  certainly  in  favour  of  the  existence  of  like 
conditions,  at  that  period,  in  the  two  countries ;  but  they  are  merely 
such  physical  conditions  as  might  have  resulted  at  any  period  by  the 
movement  of  a  body  of  water  over  the  loose  materials  of  the  lower 
sands.  In  England,  this  followed  dose  upon  the  former  period  of 
the  Woolwich  and  Reading  series ;  but  it  is  a  question  whether  in 
France  the  "  Lignite  and  Argile  Plastique  "  period  was  not  followed 
by  a  period  of  dry  land,  and  whether  the  partial  destruction  and 
reconstruction  of  the  surface  of  some  of  the  beds  of  that  period  did 
not  take  place  later,  viz.  when  the  land  was  again  submerged,  and 
when  consequently  some  portion  of  the  pebbles  and  shingle  derived 
from  the  lower  beds  were  spread  out  at  the  base  of  the  deposits  of 
another  period, — the  one  commencing  with  the  Lits  Coquilliers  and 
Calcaire  grossier.  The  probability  of  this  position  will  be  better 
understood  after  an  examination  of  the  overlying  beds. 

§  7.  The  relation  of  the  lower  members  of  the  French  series  to  the 
Sables  Divers  and  Lits  Coquilliers  (D'Archiac),  or  the  Glaucome 
Moyenne  {Graves), 

In  England  the  shingle  beds  are  immediately  succeeded  by  the 
London  Clay,  and  in  the  northern  part  of  the  Paris  basin  by  M. 
d'Archiac's  fourth  division,  "Sables  divers,"  which  consists  of  light- 
yellow  and  greenish  fine  quartzose  sands,  attaining  in  places  a  thick- 
ness of  140  feet,  but  only  occasionally  containing  a  very  few  fossils. 
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kt  the  top  of  ihese  sandfly  and  in  dose  relation  with  them,  M. 
d'Archiac  places  his  fifth  dirision  or  '^lits  CoqniUien/'  usnalhr 
about  20  feet  thick,  and  abounding  in  well-preserved  fossils.  M. 
Grares  unites  these  two  divisions  in  his  group  of  *'  Gbiuconie  moy- 
enne ; "  and  M.  Melleville  forms  of  them  his  second  stage  of  his 
"  Sables  infdrieurs." 

K I  am  right  thus  far  in  correlating  the  Woolwich  and  Reading 
series  with  the  three  lower  divisions  of  the  "  Sables  inf(^rieurs "  of 
M.  d'Archiac,  then  these  Sables  divers  and  Lits  Coquilliers,  or  the 
Glauconie  moyenne  of  M.  Graves,  hold,  so  far  as  superposition  goes, 
exactly  the  same  position  as  the  London  Clay  in  England.  The 
question  then  is,  are  or  are  not  these  deposits  synchronous  ? 

As  before  mentioned,  the  experienced  geolo^sts  so  often  referred 
to  cannot  draw  any  decided  and  maintained  divisional  planes  in  any 
part  of  this  lower  series  from  the  Galcaire  grossier  down  to  the  Chalk. 
The  strata  seem  throughout  connected  and  continuous ;  but  I  appre- 
hend, that  as  the  whole  series,  with  a  few  exceptions  (of  which  the 
only  important  ones  are  the  clay  of  the  Lignites  and  Ar^e  plastique), 
oonsbts  of  sands,  the  absence  of  any  marked  divisional  surfaces  in 
materiak  so  easily  moveable  and  so  yielding,  and  where  the  same 
texture  and  colour  is  repeated  in  the  upper  and  lower  beds,  is  not  a 
proof  of  passage  and  uninterrupted  continuity,  or  of  the  non-occur- 
rence of  contemporaneous  physical  changes.  Thus  I  have  shown 
that  when  the  pebble  bed  is  absent  at  the  base  of  the  Woolwich  and 
Reading  series,  it  is  almost  impossible  to  draw  the  line  between  these 
sands  and  the  Thanet  Sands ;  and  in  support  of  that  fact,  I  further 
instanced  the  case  where  in  a  clear  clifF-section*  even  a  drift-loam 
passes  down  into  the  Woolwich  sands  in  a  manner  so  imperceptible 
that  no  line  of  demarcation  can  be  drawn  between  them. 

M.  d'Archiac  himself  notices  a  fact  of  the  very  same  nature  in 
describing  with  M.  de  Vemeuil  some  railway  sections  near  Clermont. 
Speaking  of  a  section  where  the  Lower  Tertiary  sands  and  pebbles 
are  overlaid  by  the  drift  and  its  pebbles,  he  observes  f,  **  This  section, 
although  not  an  important  one,  is  nevertheless  valuable  in  showing 
what  a  degree  of  precision  the  careful  examination  of  deposits  allows 
US  to  arrive  at  in  establishing  real  distinctions ;  for  here  there  is  a 
continuity  and  apparent  connexion  (liaison)  between  the  oldest  ter- 
tiary beds,  the  bed  of  diluvial  pebbles,  and  the  sandy  alluvium  which 
covers  the  whole."  It  is  therefore,  I  conceive,  quite  possible  that  a 
verv  considerable  break,  so  far  as  regards  time,  mav  occur  in  a  series 
of  loose  sandy  strata,  and  yet  exhibit  no  physical  evidence  of  the 
fact.  But,  in  the  absence  of  the  well-marked  divisional  lines  exhibited 
by  more  unyielding  strata,  organic  remains  afford  evidence  indepen- 
dent of  such  pheenomena,  and  such  evidence  we  here  possess.  I  do 
not  think  that  sufficient  stress  has  been  laid  on  the  dissimilarity  of 
the  fauna  of  the  sands  of  Beauvais  and  of  that  of  the  Lits  Coquilliers. 
The  comparatively  small  number  of  fossils  in  the  former,  combined 
with  the  characters  above-named,  has  probably  tended  to  keep  them 

*  Qnart.  Journ.  Geol.  Soc.  vol.  z.  p.  112. 

t  Bull.  Soc.  Geol.  de  France,  2  8^.  vol.  ii.  p.  341. 
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in  a  subordinate  position :  but  with  r^;ard  to  the  "  lits  Coqiiil]ien»'* 
the  fossils  are  most  nmnerons  and  characteristic,  and  fnmian  ns  wiih 
an  horizon  perfectly  to  be  depended  upon. 

The  independent  character  of  the  fauna  itself  of  the  lower  beds  of 
sand  was,  however,  pointed  out  bj  M.  d'Archiac  in  1839*,  subse- 
quentlj  bj  M.  MelleTille  in  1843t,  and  bj  M.  GraTes  in  1847t. 
The  lists  of  fossils  respectively  found  in  the  several  districts  wfaidi 
these  authors  described  give  the  following  results : — 

Total  number  of       Spedet  ranging  Number  of 

■pedes  in  the  into  the  Lits  spedes  pecafiar  to 

Besuvais  and  Coquilliers  or  the  beds  of  Bean- 

Rheims  Sands.  beds  above.  vais  and  Rheims. 

D'Ardiiac  ...    49    11$  38,— or  77  per  cent 

MeUerille    ...119    60    59,— or  50 1]  per  cent. 

Graves 94    48    46,— or  4911  percent. 

These  results  differ  materially.  This  may  arise  partly  from  the 
circumstance  that  M.  d'Archiac  takes  a  general  view  of  these  beds 
in  their  whole  range,  and  treats  only  of  the  fossils  determined 
in  1839;  that  M.  Melleville  gives  a  joint  list  of  the  Rheims  and 
Beauvais  fauna,  adding  a  number  of  new  species  from  the  ndgh- 
bourhood  of  Rheims ;  whilst  M.  Graves's  list  is  confined  to  the 
neighbourhood  of  Beauvais,  and  he  describes  no  additional  new 
species.  If  we  separate  from  M.  Melleville's  list  the  Beauvais 
snells,  which  have  since  been  more  accurately  determined  by  M. 
Graves,  and  confine  ourselves  to  the  list  he  furnishes  of  the  mofiuaks 
of  the  Rheims  sands  only,  the  numbers  will  stand  thus : — 

Melleville 43    11     32,— or  70  per  cent 

M.  HAert^  has  since  added  25  species  to  M.  Melleville's  list. 
Of  these  I  infer  that  10  are  new  species,  or  species  peculiar  to  the 
Lower  beds,  whilst  he  names  8  species  which  have  a  higher  range. 
Of  the  other  7  specimens  he  only  gives  the  name  of  the  genus. 

As  the  fossils  of  these  beds  are  generally  so  friable  and  often  so 
indifferently  preserved,  while  at  the  same  time  there  yet  evidently 
are  many  undescribed  species,  these  lists  are,  no  doubt,  far  from 
complete ;  and  as  also  the  determinations  have  been  made  chiefly 
upon  comparisons  with  the  better  studied  and  far  more  perfect  and 

*  Bull.  Soc.  GM.  France,  vol.  x.  p.  174.  As  before-mentioned,  M.  d'Aichtae 
has  since  considered  that  soma  of  these  beds  may  be  higher  in  the  series  than  he 
believed  at  that  time ;  still  they  woold  underlie  the  *<  Lits  Coquilliers,"  and  oar 
argument  would  not  therefore  be  affected. 

t  M^m.  sur  les  Sables  Tert.  Inf^rieurs,  p.  78. 

t  Top.  G^g.  de  rOise,  p.  196. 

§  M.  d'Archiac  makes  the  numbers  12  and  37  instead  of  11  and  38;  the 
Peettmeuhii  terebratularU,  however,  which  was  then  thought  to  be  identical  with 
the  Gr^  de  Fontainebleau  species,  has  since  been  found  to  be  different,  and  to  be 
peculiar  to  these  lower  sands. 

II  The  similarity  of  these  results  is  more  apparent  than  real,  for  in  M.  MelleriUe's 
enumeration  of  the  Beauvais  shells  there  are  21  Lits  Coquilliers  and  Csleaire 
groesier  species  not  found  in  M.  Graves's  later  list.  Against  this  there  are  23 
new  species  described  for  the  first  time  by  M.  Melleville,  and  mostly  peculiar  to  tbe 
Rheims  district.  There  are  also  a  few  species  given  by  M.  Melleville  as  peculiar 
to  the  lower  sands,  which  M.  Graves  gives  also  from  the  "  lits  CoquiUiers." 

^  BulL  Soc.  G^l.  Franoe,  1849,  2nd  ser.  vol.  vL  p.  730. 
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larger  lists  of  the  Calcaire  grossier  fossils,  it  is  principally  the  new 
and  peculiar  species  of  these  lower  strata  which  remain  to  he 
described. 

Further^  to  take  the  '*  Lignites"  as  subordinate  to  the  ''  Glauconie 
inf6rieure«"  From  M.  Graves's  list  of  the  shells  belonging  to  the 
Oise  "  Lignites,'*  including  those  of  the  Aisne  of  M.  d' Archiac,  we 
obtain  the  foUowing  data*  :  — 

Range 
TotaL        upwanls.         Peculiar. 
FoasDs  of  the  Lignites 

and  associated  days...  37     14     23 

Adding  to  these  three  additional  species  found  in 
the  Rheims  dirtrictt,  and  three  new  species  re- 
cently described  by  M.  Watelet  from  Soissons  ...  6  ■ 

29,— or  78  per  cent. 

If  we  add  these  numbers  to  those  before  obtained  of  the  fossils  of 
the  lower  Sands  of  the  Oise  and  Champagne,  the  following  will  be  an 
approximate  result  of  the  distribution  of  the  fauna  of  these  strata, — 
those  included  in  the  three  lowest  divisions  of  M.  d' Archiac : — 

Total  of              Species  ranging           Species  peculiar        Per-centage  of 
species.                    upwards.                  to  the  series.         peculiar  species. 
152    55     97     64 

ooly  36  per  cent,  of  the  known  species  thus  ranging  up  into  the  beds 
above  these  divisions.  The  independence  of  this  fauna,  although  not 
appearing  at  present  so  great  as  I  believe  it  will  be  ultimately  found, 
is  nevertheless  important,  and  furnishes  us  with  sufficient  data  for 
the  subsequent  argument. 

The  generally  excellent  state  of  preservation  of  the  fossils  of 
the  Lits  Coquilliers,  their  abundance,  and  the  large  proportion  of 
described  species^  afford  us  much  better  means  of  judging  of  the 
fauna  of  that  period.  They  have  been  made  the  subject  of  especial 
research  by  M.  d' Archiac,  M.  Melleville,  and  M.  Graves,  in  whose 
works  we  find  large  and  carefully  drawn  up  lists,  and  by  whom  the 
position  of  these  beds  in  the  geological  series  has  been  accurately 
determined;  the  only  question  about  which  there  is,  as  before- 
mentioned,  a  difference  of  opinion  amongst  the  French  geologists, 
beiag  as  to  whether  this  deposit  should  be  grouped  with  the  beds 
beneath  or  with  those  above  it.  The  following  table,  showing  the 
range  and  distribution  of  the  Mollusks  found  in  the  Lits  CoquHliers 

*  I  do  not  include  in  this  list  the  very  remarkable  land  and  freshwater  shells 
of  Rilly,  as  they  form  too  exceptional  a  group  to  be  used  as  a  term  of  comparison. 
M.  de  Boissy  has  described  and  figured  thirty-nine  species,  all  peculiar  to  these 
beds  (M^m.  Soc.  G^I.  de  France,  2  ser.  vol.  iii.  p.  257,  1848).  This  deposit  I 
consider  subordinate  to  the  Lignite  series ;  M.  Hebert  places  it  lower,  or  under 
the  marine  sands  of  Rheims.  In  either  case,  however,  it  would  belong  to  this 
lower  eocene  series. 

f  Soc  Hist.  Arch,  et  Scient.  de  Soissons,  1851. 

t  M.  Deshayes  has  described  and  figured  the  greater  number  of  the  fossils  oi 
Retheuil,  Pierrefonds,  and  Guise- La- Motte  in  his  valuable  ''Description  dea 
CoquiUes  fossiles  des  Environs  de  Paris.''  M.  Melleville  has,  however,  since  de- 
scribed a  considerable  number  of  new  species  {op,  dt) 

VOL.  XI. — PART  I.  R 
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and  Glauconie  mojenne,  is  drawn  up  from  the  lists  here  refened 
to:— 

Total  number  Species  nngiiig 
of  ipedes.  apwards*. 

D'Aiduac  (^un«)  188    108,— or  57  per  oenL 

MeUcTille  (Ckmipagne)  ...  273    166|~or  61  per  cent. 

Grtves  (Oi»e) 318    162,— or  51  per  cent. 

Adding  the  twenty-nine  new  species  since  described  by  M.  Watelet, 
and  taking  the  mean  of  the  aboye  results,  it  would  appear  that 
about  50  per  cent,  of  the  shells  of  the  lits  CoquiUiers  (D'Arch.)  or 
Glauconie  moyenne  (Graves)  Uved  on  to  the  period  of  the  Calcure 
grossier,  whilst  of  the  same  fauna  only  about  16  per  cent,  were  U?ing 
m  the  older  tertiary  seas. 

On  the  foregoing  evidence,  therefore,  I  am  inclined  to  agree  with 
those  French  geologists  who  would  associate  the  "  Lits  CoquillierB" 
with  the  ''Calcaire  grossier,"  rather  than  with  the  ''ulancome 
inf(6rieure."  At  the  same  time  it  cannot  be  denied  that  the  lits 
Co^uilliers  and  Sables  divers  form  a  very  distinct  and  important  sub- 
division of  that  well-marked  and  typical  higher  group  f. 

If  we  now  turn  to  the  London  Clay,  we  find  that  so  far  as  super- 
position goes,  it  is  exactly  on  the  same  geological  horizon  as  the 
Sables  divers  and  Lits  CoquiUiers,  but,  instead  of  showing  any  dose 
palseontological  relations  with  this  series,  it  exhibits  almost  entirely 
different  affinities.  It  is  true  that  there  are  some  well-marked 
fossils  common  to  both^,  and  that  the  London  Clay  shows  more  ties 
with  the  Lits  CoquiDiers  than  with  the  Calcaire  grossier,  but  still 
the  difference  is  great ;  whilst  at  the  same  time  its  relations  with  the 
Glauconie  inf^rieure  seem  almost  equaUy  distant.  These  deposits 
certainly  present  very  different  lithological  characters,  which  might 
lead  to  considerable  variation  in  the  fauna,  but  hardly  to  the  extent 
that  here  exists,  or  at  least  we  must  endeavour  to  ascertain  whether 

*  The  downward  range  of  the  Bpeciea  is  omitted,  as  M.  d'Archiac  gives  no  list 
of  the  fossils  of  the  Glauconie  inf^rieure  of  the  Aisne  separately.  In  calculating 
the  number  of  species  which  range  upwards,  I  have  taken  into  account  both  M. 
d'Archiac  and  M.  Graves's  lists  of  the  Calcaire  grossier  fossils,  as  in  each  depart- 
ment  some  species  confined  to  the  lower  beds  in  the  one  seem  to  range  higher  in 
the  other.  Taking  only  the  Aisne,  M.  d'Archiac's  lists  show,  including  the  un- 
named species,  but  71  identical  species  in  the  two  deposits/while  in  the  Oise 
M.  Graves  makes  the  number  of  common  species  155. 

t  It  is  necessary  to  mention  that  this  result  is  at  variance  with  the  opinion  of 
M.  Ai  d'Orbigny,  who  considers  these  deposits  to  be  far  more  distinct ;  so  mnch 
so  that  he  oiSy  allows  eight  species  of  shells  to  be  common  to  the  two.  He 
admits  that  at  the  noted  locality  of  Cuise-la^Motte  there  is  a  greater  number  of 
Calcaire  grossier  forms,  but  he  attributes  that  fact  to  the  circumstance  of  many 
of  the  fossils  having  been  washed  out  of  the  older  into  the  newer  deposit,  the 
lithological  character  of  the  beds  favouring  such  a  transference.  I  should  attadi 
more  weight  to  this  argument  if  the  Calcaire  grossier  here  contained  species  noc 
found  elsewhere,  but  it  is  the  Lits  CoquiUiers  which  is  here  distinguished  bj 
the  number  of  additional  species.  Cours  ^l^m.  de  Pal^n.  et  de  G&l.  vol  n. 
p.  713,  727,  &  731. 

t  I  have  not  been  able  to  add  many  species  to  the  eighteen  I  enumerated  in 
1847;  after  correcting  a  few  errors  in  that  list  and  adding  some  other  speciei, 
there  are  now  twenty-five. 
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there  are  other  canses  to  account  for  the  zoological  diflerences.    Of 

the  224  species  of  MoUusks  of  the  London  Claj,  thirty-four  are  like- 
wise found  in  the  French  series,  where  their  distribution  and  range 

are  as  follows*. 

Glauoonie         Lits  Calcaire 

Inferieare.    Coquillien.     grossler. 

Anomia  tenuistnata.  Desk 

Axinus  (Cryptodon)  angulatus.  Sow,  (H^.) 

Beloptera  Levesquei,  D*Orb 

Bebsepia  sepioidea,  Blainv , . . . . 

Bacdnum  semicostatum.  Desk 

Calyptnea  troehiformis^  Lam 

Garamm  Plumsteadiense,  Sow 

Cauidaria  cannata.  Lam 

Cotbula  Regulbiensis,  Mor 

Cytherea  oMiqua,  Desk 

suberycinoidesy  Desk 

Fosns  angusticostatus,  MeU,  ?    

bulbiformis.  Lam 

Murex  spinulosus.  Desk 

Natica  labeUata,  Lam 

patula.  Desk 

— —  sigaretina 

Nautilus  zio-zac.  Sow 

Nttcola  margaritacea.  Lam 

Ostrea  canosa.  Desk.  ?   

BeUovacma,  Desk 

Panopaea  intermedia.  Sow 

Pholadomya  margaritacea.  Sow 

Pectonculus  terebratularis,  Desk 

Puma  afibiis.  Sow 

Plenrotoma  colon,  Soto 

elej^a,  Melll 

Pymla  tncoatata.  Desk 

BJostellaria  nuicroptera.  Lam 

Solarium  canaliculatum.  Lam 

Teredina  personata.  Desk 

Torritella  imbricataria.  Lam 

aulcifera.  Desk SablMmoyens. 

Tenericardia  Sueaaouensis,  D*Arck 


17 


26 


14 


*  la  this  table  I  confine  mynelf,  as  in  the  other  parts  of  this  inquiry,  to  the 
fists  burnished  by  M.  d'Archiac,  M.  Grayes,  and  M.  Melleville.  It  is  possible  that 
to  the  south  of  the  districts  described  in  their  works  the  distribution  and  range 
of  species  may  be  somewhat  di£ferent, — that  species  limited  to  one  group  in  the 
more  northern  portions  of  the  Paris  basin  may  be  found  in  other  groups  in  the 
more  louthem  parts  of  this  basin.  But  no  equally  complete  tists  of  the  fossils  of 
this  latter  area  exist,  and  consequently,  although  we  know  the  Calcaire  grossier 
to  be  extremely  rich  in  organic  remains  in  the  neighbourhood  of  Paris,  we  are 
unable  to  avail  ourselves  of  any  exceptional  cases,  which  the  fauna  may  there 
present,  difTering  from  that  of  the  district  which  here  serves  us  as  the  point  of 
comparison  with  our  English  series.  I  do  not,  however,  believe  that  this  much 
affects  our  general  results.  In  fact,  although  I  have  drawn  up  this  and  the  other 
lists  with  as  much  care  as  possible,  they  will  all  no  doubt  require  correction  by 
those  better  acquainted  with  the  local  faunas  than  I  am.  Still,  T  think,  the 
genenl  conclusions  will  hold  good. 
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Or»  taking  the  total  number  of  species  in  these  thiee  Frencb  deposits* 
respectiYeljr  snd  jointly  with  those  of  the  London  CIbj,  as  376|  571> 
ana  863,  then  the  numbers  common  to  them  sererallj  show  the 
following  per-centagef : — 

London  Clay,  Glauconie       London  Clay  and  lits       London  Clay  and  Cd- 
Inf^rienre,  and  Lignites.  Coquillien.  caire  g;roaier. 

4-5  4-4  1-6 

The  proportion  of  common  species  appears  therefore  in  anj  case 
to  be  remarkably  small,  and,  paleeontologically,  the  London  Clay 
shows  nearly  the  same  relation  to  the  Lits  Coquilliers  that  it  does  to 
the  Glauconie  Inf^rieure — one  evidently  closer  than  with  the  Calcaire 
grossier.  It  may  be  suggested  that  these  concludons  do  not  acoord 
with  those  other  conclusions  upon  which  the  correlation  of  the  Brsck- 
lesham  Sands  and  the  Calcaire  grossier  has  been  previously  esta- 
blished, inasmuch  as  whilst  we  have  here  a  per-oentage  of  only  1*6 
species  common  to  the  Calcaire  grossier  and  the  London  Clay,  I  have 
on  a  former  occasion  shown  that  there  are  9*4  species  common  to  the 
two  English  deposits — a  proportion  greater  even  than  that  which  holds 
between  either  the  Glauconie  Inffrieure  or  the  Lits  Coquilliers  and  the 
London  Clay,  both  of  which,  I  conclude,  will  prove  nearer  equivalents. 

To  comprehend  this  anomaly,  we  must  take  each  separate  area  oo 
its  own  base,  and  determine  the  lapse  of  time  by  the  successive  cbaDCes 
there  introduced ;  in  each  considenng  the  progression  of  time  as  pardld 
and  independent  movements.  These  circumscribed  centres  may  show 
great  irregularities  and  hiatuses ;  the  adjacent  structures  maj  at 
one  time  exhibit  dose  relations  with  one  another,  whilst  at  interme- 
diate and  still  synchronous  periods,  their  aberration,  arising  in  most 
cases  from  the  mdependence  of  their  zoological  provinces,  may  be 
such  as  to  produce  dissimilarities  greater  than  those  which  prenil 
between  successive  periods  in  each  local  centre  itself.  There  are 
generally,  however,  at  intervals,  limits  to  these  variations,  whidi  may 
serve  to  indicate  the  exceptiomd  causes  to  which  the  latter  are  owing. 
These  limits  occur  whenever  two  adjacent  centres  become  so  connected 
that  like  or  nearly  allied  hydrographical  conditions  prevail  over  both 
areas  at  the  same  time  so  as  to  favour  a  community  in  the  faunas. 
We  are  then  furnished  with  a  definite  base-line  to  which  we  may 
safely  refer  all  subordinate  imd  intermediate  changes. 

We  have  every  reason  to  believe  that  a  dose  connexion  of  this 
nature  existed  at  the  Calcaire  grossier  period  between  those  beds  in 
France  and  the  Bracklesham  series  in  England^.  There  are,  it 
is  true,  not  unimportant  dissimilarities,  but  these  are  the  perma- 
nent dissimilarities — ^those  which  bdong  to  ordinary  and  constant 
geographical  Uws,  and  only  modify  without  essentially  impairing  the 
zoological  resemblances.     They  are  dissimilarities  which  have  grown 

*  In  this  I  take  the  number  of  Calcaire  grossier  species  given  by  M.  Gftftt, 
his  list  heing  the  largest  and  most  complete. 

t  JxK>king  at  the  French  groups  only,  the  numbers  would  be — 
11-2  7-2  2-05 

t  Commencing  with  lower  Bracklesham  or  Bagshot  Sands,  and  attaining  iti  fill 
force  at  the  time  of  the  Glaaconie  Groesi^re  and  Lower  Calcaire  Grossier. 
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up  on  the  area,  and  which  result  in  some  measure  from  those  very  in- 
termediate geological  aberrations  to  which  allusion  has  been  made>  and 
which  may  give  a  sort  of  local  stamp  even  to  wide-spread  deposits. 

If>  therefore,  the  Calcaire  grossier  and  the  Bracklesham  sands  are 
to  be  considered  as  synchronous,  we  may  take  them  as  furnishing  a 
common  geological  horizon,  to  which,  in  each  case,  other  and  more 
independent  local  phsenomena  in  the  several  areas  may  be  referred. 
The  point  we  have  now  to  inquire  into,  is  what  proportion  of  the 
separate  faunas  of  these  two  deposits  is  to  be  traced  downwards  in 
each  respective  centre.  Taking  a  common  measure,  out  of  every  100 
MoUusca  Hving  at  the  latest-named  period,  the  following  numbers 
approximately  express  the  proportion  living  at  the  several  earlier 
periods  in  each  central  area. 

JWncA  area.  EngUih  area, 

Calcnre  Grotuer 100      100 Bracklesham  Suids. 

Lits  Coqnfllien    29      

15 London  Clay. 

Sidles  de  Brachenx 5  6 Woolwich  and  Reading  Seriea. 

If,  instead  of  taking  this  upper  horizon,  we  take  the  lower  one  of  the 
Woolwich  and  Reading  Senes  in  this  country,  and  the  Sables  de 
Bracheux  in  France,  excluding  in  both  the  freshwater  and  fluviatile 
firana,  the  foll6wing  are  the  results  : — 

Ctleaire  Grouier 30        31 Brackksham  Sands. 

fits  CoquiUien    38  

58 London  Clay. 

Sables  de  Brachenx 100  100 Woolwich  and  Reading  Series. 

Therefore,  howsoever  distant  the  relation  between  the  Lits  Coquilliers, 
the  Bracheux  Sands»  and  the  London  Clay  may  seem,  when  viewed 
with  r^ard  to  «pace  only,  yet  it  becomes  evident  that,  when  viewed 
in  relation  to  time  within  their  own  centres,  these  strata  occupy 
certain  definitely  related  and  parallel  planes ;  that  on  such  deductions 
the  London  Clay  holds  a  position  intermediate  between  the  Lits  Co- 
quilliers and  the  Bracheux  Sands.  This  evidence  by  itself  affords 
presumptive  proof  of  each  area  having  one  fossiliferous  zone  peculiar 
to  itself,  and  wanting  in  the  other ;  of  each  having  a  link  in  the 
sequence  which  the  other  has  not*.  These  calculations  abo  afford 
a  singular  corroboration  of  the  interval  of  time  assigned  upon  other 
grounds  to  the  top  and  bottom  French  and  English  zones  in  the 
above  tables. 

§  8.  The  London  Clay  ;  Systhne  Ypresien  InfMeur,  or  Glaise 
Yprenen  ;  not  represented  in  the  Paris  Tertiary  district. 

In  following  the  Lits  Coquilliers  and  the  London  Clay  as  they 
respectively  range,  the  one  towards  the  London^  and  the  other 
towards  the  Paris  Tertiary  district,  there  is  no  appearance  of  any  suf- 
ficient change  in  mineral  character  that  would  tend  to  assimilate  them 
to  each  other.  The  London  Clay  retains,  with  the  slight  exception 
mentioned  further  on,  the  same  well-marked  characters  m  the  Isle  of 
Wight  and  Hampshire  as  it  does  around  London.    It  has  not  hitherto 

*  The  unfossiliferons  Lower  Bagshot  sands  may  probably  occupy  the  2nd 
Bngliah  parallel. 
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been  found  anywhere  in  the  Paris  district,  althougli  it  would  Kppcu 
to  have  extended  across  the  Channel  to  the  coast  of  Normandy.  For 
last  April,  in  company  with  several  members  of  this  Society,  we 
examined  the  well-known  cliff-section  at  the  Lighthouse  of  Ailly  near 
Dieppe,  and  the  majority  of  our  party  came  to  the  conclusion  that 
the  upper  beds  there  belonged  to  the  London  Clay  proper*.  I  had, 
on  a  former  risit,  suspected  the  presence  of  the  true  London  Clay, 
but  had  found  no  organic  remains  to  corroborate  this  opinion.  On 
this  occasion,  however,  we  were  fortunate  enough  to  discover  a  few 
well-marked  fossils,  which,  taken  together  with  superposition  and 
mineral  character,  leaves  Uttle  doubt  in  my  mind  of  the  existence  of 
the  London  Clay  at  that  place. 

The  chalk  here  rises  about  80  feet  in  the  cliff  and  is  overlaid 
by  about  1 10  feet  of  Tertiary  stata,  the  lower  60  of  which  belong  to 
the  Woolwich  and  Reading  series  perfectly  well  charact^ied  sad 
composed  of  sands,  laminated  clays,  and  pebble  beds,  with  niimeroiif 
fluviatile  and  freshwater  shells,  on  the  ordinary  Woolwich  type^ 
forming  a  group  very  similar  to  that  of  the  section  at  Castle  Hill  cliff, 
Newhaven  (see  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  83).  Above  theae 
beds  there  is  about  50  feet  of  laminated  brown  clay  interstratified  in 
its  lower  part  with  several  thin  layers  of  sand, — a  lithological  character 
of  which  we  have  occasionally  some  indications  in  the  London  day 
on  the  opposite  coast,  for  at  White  Cliff  Bay  the  London  Clay  also  con- 
tains several  subordinate  beds  of  sand.  This  clay  contains  also  some 
iron  pyrites  and  small  light  brown  calcareo-argillaceous  concretions. 
At  the  base  (which,  by  the  by,  is  not  very  well  defined)  of  this  deposit 
I  found  a  few  fragments  of  the  Ditrupa  plana  and  teeth  of  Ltuma, 
so  characteristic  of  the  base  of  the  London  Clay  in  the  Isle  of 
Wight  and  London  districtf.  Mr.  A.  Tylor,  furth^,  was  fortunate 
enough  to  find  two  small  fossil  crabs  exactly  in  the  condition  in  whidi 
they  occur  in  the  London  Clay,  and  which  appear  identical  with  a 
species  of  Zanthopsis  (probably  a  young  specimen,  the  Z.  nodosa)  of 
Potter's  Bar  and  other  places  near  London.  There  is  no  appearance 
of  any  of  the  fossils  of  the  "  Lits  CoquiUiers."  The  London  C!lay 
cannot  be  traced  Airther  in  the  direction  of  Paris,  as  the  chalk  is 

*  The  distinctiveness  of  these  beds  had  not,  however,  escaped  the  practised  eyt 
of  M.  d'Archiac,  who  has,  I  find,  stated,  so  far  back  as  1839,  that  "  the  London 
Clay  funned  the  upper  part  of  the  difT  at  the  phare  d' Ailly.*'  He  goes  on  to 
say,  however,  that  these  clays  are  ''similar  to  those  of  the  Barton  Cliii,  bat  we 
have  found  neither  fossils  nor  septaria.'*  BuU.  Soc.  G^L  vol.  x.  p.  195,  and  Hist,  des 
Prog.  voL  ii.  p.  499.  At  the  time  this  was  written,  the  Barton  Clays  were  coo- 
sidered  to  be  the  type  of  the  London  Clay.  Although  these  two  deposits  ire  now 
separated,  this  indication  of  M.  d'Archiac  is  important,  but  has  been  genenlly 
overiooked,  for  other  French  geologists,  both  before  and  since,  have  referred  ifl 
these  beds  to  the  sands  and  clays  of  the  "  Argile  Plastique." 

t  M.  Hubert  is,  however,  of  opinion  that  some  similar  fossils  equally  well  mtik 
a  thin  conglomerate  bed  at  the  base  of  the  Calcaire  grossier.  The  "  Dentalmm 
ttrangulatwn"  may  certainly  prove  to  be  synonymous  with  the  Ditmpa  pin*; 
but,  lif  so,  it  ranges  up  to  the  "  Sables  moyens  "  and  is  no  longer  characteristic  of 
a  particular  zone.  The  specific  characters  of  the  teeth  of  Lanrndt  are  alio  ex- 
tremely problematical.  To  these  two  fossils  alone  I  should  attach  no  great  weigbt> 
The  prevalence  of  closely  allied  species  might  result  from  like  conditions  tending 
to  the  recurrence  of  analogous  forms  of  life  at  distant  periods  of  time. 
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denuded  for  manj  miles  to  the  south-eastward  of  the  hills  of  St. 
Muwaerite ;  and  at  the  next  mass  of  the  Lower  Tertiaries»  in  the 
neighbourhood  of  Gisors  and  Chaumont,  we  could  find  no  traces  of 
that  deposit. 

If,  however,  instead  of  following  in  this  direction  towards  Paris, 
we  take  a  northerly  direction  through  Cassel,  Lille,  and  Toumaj,  we 
shall  find  every  reason  to  believe  that  London  Clay  extends  through- 
out the  greater  part  of  French  Flanders  and  Belgium.  I  have  before 
noticed  the  occurrence  of  this  clay  beneath  Calais*.  I  have  since  seen 
it  at  the  hills  adjoining  Watten,  near  St.  Omer,  where  it  rises  220 
feet  above  the  pliun,  with  its  ordinary  aspect  and  mineral  characters 
just  as  well  mariced  as  at  the  Norwood  hills,  or  at  Primrose  Hill.  Its 
thickness  also  at  Watten  cannot  be  less  than  300  to  350  feet. 

M.  Dumont  and  Sir  Charles  Lyell  have  shown  that  the  Tpresien 
Clay  (London  Clay)  has  a  considerable  range  in  Belgium.  The 
observations  of  Sir  Charles  Lyell  are  particularly  pertinent  to  this 
point,  for  he  shows  by  a  well-section  at  the  Railway  Station  at  the  foot 
of  Cassel  Hill,  where  many  of  the  beds  of  the  Paris  Tertiaries  are 
well  exhibited,  that  the  London  Clay,  perfectly  well  characterized  by 
its  mineral  character  (which  he  resembles  to*  that  of  Highgate)  and 
with  Septaria,  is  there  more  than  291  feet  thick.  If  to  this  we  add 
118  feet  for  the  elevation  of  the  London  Clay  above  the  spot  where 
the  well  was  sunk,  it  will  give  a  thickness  of  more  than  400  feet  to 
the  London  Clay  in  that  district,  proving  it  to  have  a  development 
probably  equal  to  that  which  it  possesses  in  the  neighbourhood  of 
London.  Further,  Sir  Charles  mentions  that  it  is  only  about  150 
feet  thick  near  LiUe,  showing,  therefore,  a  gradual  thinning-out  as 
it  ranges  southward  into  France  (see  PI.  YIII.  Sect.  2).    No  fossils  f 

*  M.  Mengy  mentions  {cp.  eU.  p.  154)  many  other  weU-sections  proving  the  same 
&ct.  One  at  Dunkirk  was  carried  by  boring  through  118  feet  of  sands  (called  sea- 
sand),  and  then  266  feet  into  the  London  Chiy ;  another  at  Hazebrouck  reached 
the  base  of  the  London  Clay  (here  covered  only  by  a  few  feet  of  drift),  at  a  depth 
of  328  feet.  His  work  contains  many  other  sections  proving  the  importance  of  the 
Glaise  Ypresien  (London  Chiy)  in  French  Flanders. 

t  This  has  been  urged  as  a  serious  objection  by  some  French  geologists,  who, 
however,  have  not  hesitated  to  refer  these  clays  to  a  large  development  of  the 
elays  of  the  *'  Argile  Plastique,''— a  correlation  which  would  be  attended  not  only 
by  the  same  difficulty  to  which  they  here  object,  but  would  further  want  all  the 
analogies  which  in  the  other  case  we  possess.  It  must  also  not  he  forgotten  that  in 
England  the  London  Clay  is  frequently  non.fossiliferous;  that  even  in  cliff-sections, 
as  for  example  at  Sheppey  or  Heme  Bay,  it  requires  a  careful  search  to  discover 
any  fossils  in  the  clay  itself.  As  the  fossils  also  are  more  abundant  in  particular 
zones,  it  is  necessary  to  attend  daily  during  the  sinking  of  a  well,  as  large  portions 
of  the  clay  contain  no  fossils,  whilst  in  other  portions  they  may  be  plentiful.  I 
doubt  whether  there  have  been  opportunities  to  examine  the  London  Clay  in  the 
north  of  France  and  Belgium  with  sufficient  care. 

Since  writing  this  paper,  I  find  that  M.  Meugy  notices  a  single  instance  in 
which  fossils  were  found  in  beds  55  feet  thick,  which  he  refers  to  the  "  Glaise 
Ifpreaien."  He  states  that  they  were  tolerably  abundant,  and  consisted  of  species 
of  TunriteOa,  Venericardia,  Cardiumj  Lucina,  094rea,  Pleuroioma^  and  the  JVtim- 
nut&tet  plamtlaitUf  and  in  some  underlying  sands  Ottrea,  Pectetif  and  DentaUum, 
I  should  almost  fear  some  mistake  here.  This  is  certainly  not  a  group  of  fossils 
found  in  the  London  Clay  in  this  country.  The  section,  however,  is  not  sufficiently 
definite  to  feel  sure  as  to  the  position  of  the  beds.    Op.  di.  p.  143. 
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have  been  described,  although  a  few  have  been  found  in  Belgium; 
but  the  mass,  position,  and  mineral  character  of  this  bed  of  clay  leave 
little  doubt  of  its  identity  with  the  London  Clay.  To  M.  Dumont  b 
due  the  merit  of  first  having  pointed  out  the  analogy  of  his  Syst^ 
Ypresien  with  the  London  Clay  proper. 

§  9.  Lower  Bfigshot  Sands;  Systhne  Ypresien  supirieur  or  Sabla 
Ypresiens ;  Lits  CoquUliers  and  Sables  divers,  or  Glaueome 
moyenne. 

Having  shown  in  a  former  part  of  this  paper  that  the  Lits  Coqnii- 
liers  are  somewhat  more  nearly  related  to  the  ''  Calcaire  grossier " 
than  to  the  marine  beds  associated  with  and  underlying  the  *'  Aigik 
Plastique,"  whereas  the  London  Clay  proper  shows,  on  the  oontrary, 
closer  affinities  with  these  latter  beds,  it  remains  to  be  ascertained 
whether  we  can  in  any  way  prove  the  superposition  of  the  Lits  Co- 
quilliers  and  associated  sands  on  the  London  Clay.  I  believe  that 
this  now  admits  of  proof,  and  that  in  this  country  the  Lower  Bagshot 
Sands  form  the  equivalent  beds  of  the  Glauconie  moyenne. 

The  hill  of  Cassel,  about  thirty-five  miles  E.S.E.  from  Calais,  lises 
to  a  height  of  5 1 5  English  feet  above  the  sea,  and  affords  some  in- 
teresting sections  of  a  large  portion  of  the  Belgian  series.  At  abont  the 
middle  of  the  hill  are  some  calcareo-arenaceous  beds,  in  which  M.  EKe 
de  Beaumont  many  years  since  found  the  Cerithium  giganteum  and 
other  shells  which  induced  him  to  refer  those  beds  to  the  zone  of  the 
'*  Calcaire  grossier."  The  correctness  of  this  parallelism  has  been 
generally  admitted,  and  has  been  confirmed  by  the  observadons  of 
M.  d'Archiac*,  who  further  proved  that  these' beds  were  underlaid 
by  fossiliferous  sands  which  he  referred  to  his  ''  Lits  Coqnillien,'* 
and  tracing  the  same  zone  to  Brussels,  he  showed  that  it  was  there 
characterized  by  that  most  abundant  fossil  of  the  French  beds— the 
Nummulites  planulatus. 

These  correlations  have  been  since  adopted  and  extended  by 
M.  Dumont  and  Sir  Charles  Lyell ;  the  latter  of  whom  further  gives 
a  measured  section  of  the  hill  of  Casself,  which,  with  the  list  of 
organic  remains  he  Ukewise  furnishes,  afford  the  exact  data  we  requiie 
for  comparing  these  beds  with  others  in  this  country.  We  need  not 
at  present  notice  the  upper  part  of  the  hill,  which  to  the  thickness  of 
about  120  feet  is  composed  of  the  sands  of  Diest,  and  of  the  Laeken 
beds  with  the  Nummulites  variolarius.  Beneath  these  strata  is  the 
zone  before-mentioned  and  referred  to  the  "  Calcaire  grossier."  But 
the  change,  both  in  mineral  characters,  importance,  and  the  fiuma» 
between  the  beds  of  this  aee  at  Cassel  and  in  the  Paris  district  is  veij 
great.  Instead  of  the  thick  mass  of  soft  earthy  limestones  with 
subordinate  green  sands  (''  Glauconie  grossi^re  ")  at  their  base,  100 
to  150  feet  tluck,  and  containing  a  rich  fauna  of  600  to  800  named 
species,  we  have  at  Cassel  a  series  of  beds  consisting  essentially  of 
mixed  yellow  and  green  sands  more  or  less  pure,  and  of  very  thin 
subordinate  beds  of  sandstone  usually  with  a  calcareous  cement 

*  Bull.  voL  X.  pp.  183, 193, 1839;  Hist,  det  Prog,  vol  ii.  pp.  497  &  500. 
t  Op.  eU.  p.  324. 
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Acoordiiig  to  the  description  of  Sir  Charles  Lyell,  I  should  estimate 
these  heds  not  to  he  together  less  than  32,  and  not  more  than  50  feet 
thick*.  He  enumerates  only  thirty-seven  named  species  of  fossils  ; 
of  these,  thirty-one  are  found  also  in  the  ''  Calcaire  grossier." 

I  should  he  inclined  to  consider  these  Cassel  heds  to  represent 
both  the  "  Calcaire  grossier  "  and  *'  Glauconie  grossi^re,"  or  rather, 
more  especially  as  resulting  from  a  development  of  the  latter  and  a 
thinning  of  the  former.  At  Brussels,  the  fauna  of  these  beds  is 
TBther  richer.  Sir  Charles  mentioning  forty-five  named  species  f.  He 
also  makes  the  series  about  100  feet  thick.  I  should,  however,  be 
inclined,  on  the  physical  characters  he  describes,  to  place  the  lower 
40  or  even  70  feet  with  the  next  underlying  series. 

Sir  Charles  does  not  give  an  exact  measurement  of  the  lower  beds 
at  Cassel,  but  if  we  take  the  total  thickness  of  the  beds  above 
described,  it  will  give  in  round  numbers  from  140  to  160  feet.  Now 
M.  Meugy  states  that  the  "  Glaise  Tpresien"  (London  Clay)  rises  to 
a  heij<ht  at  the  base  of  the  hill  of  247  feet,  which  would  leave  100  to 
120  wet  as  the  thickness  of  the  siliceous  sands  which  Sir  Charles 
describes  as  underlying  the  zone  of  the  Nummulites  Uemgatus  and 
associated  beds^. 

In  these  lower  sands,  which  are  referred  by  M.  Dumont  and  Sir 
Charles  to  the  *'  Sables  Tpresiens,"  the  Nummulites  planulatus  has 
not  been  found;  but  it  is  met  with  in  beds  holding  the  same  position 
betireen  this  spot  and  Courtray,  whilst  still  Airther  eastward  this 
Foraminifer  is  abundant.  The  sands  beneath  this  nummulitic  zone 
M.  d'Archiac  refers  to  his  ''Sables  divers §." 

We  have  thus  had  established  at  the  hill  of  Cassel,  by  M.  Elie  de 
Beaumont  and  M.  d'Archiac,  a  succession  of  strata  corresponding  in 
an  these  central  beds  with  those  of  the  Soissonnais  in  the  Paris  district ; 
whilst  the  later  researches  of  M.  Dumont  and  Sir  Charles  Lyell  show 
that  that  series  is  underlaid  by  the  London  Clay.  That  the  zone  of 
the  Cerithium  giganteum  and  Nummulites  lavigatus  at  Cassel  repre- 
sents the  Calcaire  grossier  on  one  side,  and  on  the  other  is  correlated 
with  the  "  Syst&me  Bruxellien  "  of  Belgium,  I  take  for  granted  upon 
the  authority  of  these  several  eminent  geologists.  The  identification, 
however,  of  the  zones  of  the  "Lits  Coquilliers"  and  "Sables  divers" 
is  attended  with  more  uncertainly;  for,  although  a  few  fossils,  position, 
and  mineral  structure  all  coincide  in  exhibiting  a  dose  analogy,  yet  it 
must  be  admitted  that  the  evidence  of  organic  remains  is  of  itself  not 
very  strong.  Of  the  Cassel  fossils  belonging  to  these  beds,  we  have 
no  positive  list.     It  is  possible,  however,  that  the  one  given  by  Sir 

*  Op.  eU.  p.  324. 

t  M.  Omalius  d'Halloy  quotes,  on  the  authority  of  M.  Nyst,  95  species  of  Mol- 
luKs  from  the  '*  Sables  Calcariferes  de  Bruzelles  "  (Systeme  Braxellien,  Dumont), 
bat  I  do  not  feel  quite  sure  whether  his  division  is  exactly  the  same  as  that  of 
Sir  Charles  Lyell, — ^whether  it  does  not  include  the  N.pUmulatut  zone  {Jbr.  de 
&^.p.579). 

X  Indnding  the  beds  corresponding,  according  to  M.  Meugy,  with  the  '*  Sy- 
steme Paniselien"  of  M.  Dumont,  this  portion  of  the  series  would  be  124  feet  thick 
(op.  cU.  p.  168). 

$  BnlL  Soc  GM.  de  Fr.  vol.  x.  p.  182, 1839  (there  termed  ''Sables  inf^rieurs")- 
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Cluurles  Lyell  at  p.  331  maj  prove  to  belone  to  a  bed  of  ihat  age.  in 
it  eighteen  named  species  are  enumerated,  fourteen  of  whidi  certaidj 
occur  in  the  Calcaire  grossier,  but  they  are  met  with  also  in  the  liti 
Coquilliers.  One  is  peculiar  to  Belgium.  Of  the  three  remaining^  the 
TerebeUum  eoiwolutum  occurs,  it  is  true,  in  the  Calcaire  grosner,  and 
not  in  the  *'  Lits  Coquilliers,"  but  against  that  we  have  the  PanoptM 
intermedia^  which  occurs  onlj  in  the  latter,  and  the  FermieulanB 
Bognoriennsly  a  London  Claj  species.  The  NummuUtes plemdaiMg 
does  not,  as  before  mentioned^  occur  here,  but  near  Lille  it  abounds 
in  these  beds.  In  Belgium,  this  fossil  is  found  in  strata,  of  which 
the  position  beneath  the  zone  of  Nummulites  Umffotue  and  at  the 
top  of  the  Sables  Tpresiens  is  well  determined.  Sir  Charles  ennnie> 
rates  (p.  357  and  358)  sixteen  other  named  fossils,  associated  with 
the  N.planulatus  in  the  vicinity  of  Brussels.  Of  these,  twelve  occur 
in  both  series  in  the  Paris  basin,  one  is  peculiar  to  Bel^um,  tiie  TVir- 
binolia  sulcata  is  a  Calcaire  grossier  species,  and  a  Cytherea  (Cob- 
liqtM ?)  and  a Natica  {N.  Hantomieneisi)  are  found,  which  i^pertaiB 
as  much  or  more  to  beds  lower  than  the  "  Lits  Coquilliers*."  I  pre- 
sume also,  from  the  observations  of  M.  d' Archiac,  that  the  genersl 
facies  of  the  fauna  must  be  essentially  like  that  of  the  Lits  Coqiiuhen ; 
still  it  is  clear  that  the  leading  evidence  is  the  Nummulites  pUaaUatiUf 
a  Foraminifer  which  in  the  ''  Lits  Coquilliers  "  generally,  and  in  the 
Ypresian  Sands  occasionally,  occurs  in  wonderful  profusion,  and  yet 
appears  in  this  part  of  Europe  to  have  but  this  limited  vertical  range. 

These  lower  Cassel  sands  may  possibly  admit,  to  a  certain  extent, 
of  a  subdivision  into  three  parts;  the  upper  one  (Syst^me  Paniselieii  of 
Dumont)  may  correspond  with  the  glauconiferous  clays  overlying  the 
Lits  Coquilliers  in  the  Aisne ;  to  t^s  succeeds  the  fossiliferous  band 
more  exactly  synchronous  with  the  Lits  Coquilliers,  as  distinguished 
by  M.  d' Archiac ;  and  then  the  thick  mass  of  unfossiliferous  sUiceoos 
sands  corresponding  with  the  Sables  divers.  Or  they  might  be  all 
included  in  one  division — that  of  the  Glauconie  moyenne  of  M.  Grans. 

There  are  two  facts  apparent  in  the  Cassel  and  Belgian  aeries,  whidi 
are  the  poverty  of  the  fauna  compared  with  that  of  the  synchronous 
deposits  in  the  Paris  basin,  and  the  more  purely  siliceous  oonditioa 
of  the  strata. 

If  now  we  pass  to  the  London  Tertiary  district,  and  take  the  first 
range  of  hills  where  the  beds  above  the  London  Clay  are  well  deve- 
loped, viz.  the  Bagshot  Hills,  we  shall  find  that  they  present  some 
remarkable  stratigraphical  resemblances  with  the  hiU  of  Cassel.  The 
Lower  Bi^shot  sands  are  about  130  feet  thick,  and  consist  of  light- 
coloured  siliceous  sands,  with  a  few  thin  subordinate  argiUaceoos 
beds,  and  a  very  few  concretionary  blocks  of  hard  siliceous  sandstone. 
In  position  and  general  basic  structure  they  agree  very  closely  both 
with  the  Cassel  beds  and  the  '*  Glauconie  moyenne  "  of  M.  GraTes 
(jkt,  1,  2,  and  3  of  M.  d' Archiac) .  The  main  difference  consists  in  the 
absence  of  intermixed  green  sands,  of  calcareous  matter,  and  of  solidi- 
fied beds ;  all  these,  however,  are  subordinate  features  subject  to  grwt 
variation,  even  in  the  Paris  district.  The  only  superadded  feature  in 
*  The  "  Cancer  Leachii  "  (?)  is  also  quoted. 
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the  Londcm  district  is  the  greater  importance  of  subordinate,  veiy 
ioB,  laminated  clays.  The  fossils  also,  which  in  the  Paris  district 
number  347*  and  which  at  Cassel  have  diminished  to  18,  are,  with 
the  exception  of  a  few  vegetable  remains,  entirely  wanting  in  the 
London  area.  As,  however,  these  are  progressive  changes,  which 
harmonize  perfectly  well  in  all  their  parts,  they  rather  strengthen 
than  invalioate  our  position,  for  the  dependence  of  all  the  collateral 
phsenomena  indicates  a  common  origin,  subject  only  to  minor  local 
superadditions.  It  is  only  in  proportion  as  the  amount  of  carbonate 
Qf  lime  in  the  sands  diminishes  and  quartzose  sands  predominate,  that 
the  number  of  Mollusks  decreases.  In  French  Flanders  we  have 
intermediate  palseontological  and  mineral  conditions  corresponding 
with  the  intermediate  geographical  position. 

In  this  country  I  have  traced  the  Lower  Bagshot  Sands  as  far  east- 
ward as  the  hills  near  Southend,  in  Essex ;  they  also  apparently  exist 
in  the  Isle  of  Sheppey ;  this  carries  them  about  60  miles  from  Bag- 
shot  and  to  within  1 00  miles  of  Cassel  (see  Sect.  1 .  PL  VIII).  These 
sands  exhibit  the  same  non-fossiliferous  character  in  those  districts 
as  around  Bagshot,' but  they  are  of  no  great  thickness,  and  the  upper 
portion,  or  that  which  is  more  fossiliferous  in  the  Continent,  is  wanting. 

Following  the  "Lower  Bagshots"  further  westward,  and  again 
south-westward  into  Hampshire,  they  maintain  nearly  the  same 
thickness  and  mineral  characters.  They  are,  I  think,  represented  in 
White  Cliff  Bay  by  the  Stratum  No.  5  ("  Section,"  Joum.  Geol.  Soe. 
Tol.  ii.  pi.  ix.  p.  223),  which  overlies  the  London  Cla^,  and  consists 
of  siliceous,  and  in  parts  clayey,  sands,  striped  vanous  shades  of 
yellow,  98  feet  thick.  This  mass  may  probably  correspond  with 
the  ''Sables  divers,"  and  possibly  include  the  ''Lits  Coquilliers," 
although  L  do  not  think  it  unlikely  that  these  latter  may  rather  be 
represented  by  some  portion  of  the  overlying  beds.  In  the  Alum 
Bay  section,  it  would  be  difficult  to  say  how  much  of  the  series  should 
be  included  in  this  division.  I  should  commence  with  the  bed  7,  over- 
lying the  London  Clay  (3  to  6),  and  carry  it  probably  up  to  No.  18 
or  20  {loc,  cit.).  In  that  case,  it  would  include  the  foliated  clays  of 
Stratum  1 7  with  their  beautiful  group  of  plant-impressions.  In  some 
of  these  beds  green  sands  again  occur  as  a  subordinate  character. 

At  the  base  of  the  *'  Glauconie  grossi^re  "  according  to  M.  Graves, 
or  at  the  top  of  the  Sables  Inferieurs  according  to  M.  d' Archiac, 
is  a  very  variable  bed  of  foliated  clay  with  occasional  lignite.  This 
possibly  may  correspond  with  the  lignite  and  foliated  clay  immediately 
beneath  the  green  sands  of  Bagshot,  and  with  some  of  the  carbo- 
naceous clays  and  lignites  above  the  sands  last  described  in  the  Isle 
of  Wight.  The  Syst^me  Paniselien  of  M.  Dumont  may  possibly 
also  be  placed  on  this  level. 

Not  only,  however,  have  we  in  the  Bagshot  district  a  series  of 
beds»  which  in  mineral  character,  superposition,  and  importance  corre- 
spond in  the  main  with  the  three  upper  divisions  of  the  '*  Sables  infe- 
rieurs" of  M.  d'Archiac,  but  we  further  find  them  overlaid  by  other 
beds  correspondmg  with  the  "  Glauconie  grossi^re  "  or  lower  part  of 
the  "  Calcaire  grossier."    Here  again  we  must  take  into  consideration. 
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or  rather  admit  in  eyidence  of  identity,  the  progresaiTe  changes  appa- 
rent in  this  series  as  it  ranges  from  sonth  to  north  and  north-west 
In  the  neighbourhood  of  Paris,  the  ''Glauconie  grossi^re''  is  but 
very  slightly  developed ;  in  the  Oise  and  Aisne  it  becomes  an  import- 
ant sabdividon  of  the  "  Calcaire  grossier/^  consisting  of  thick  beds 
of  partially  consolidated  calcareo-qnartzose  sands,  more  or  ksi 
mixed  with  green  sands,  and  with  a  slight  conglomerate  basement. 
The  fossils  are  often  numerous,  and  the  same  as  those  of  the  Calcaire 
grossier.  At  Cassel  this  zone  consists,  as  before  mentioned,  of  light- 
coloured  siliceous  sands,  green  sands,  and  calcareous  bands  irreguhffly 
mixed,  and  containing  only  a  small  number  of  fossils.  Then  passine 
to  the  Bagshot  district,  we  find  a  single  thick  bed  of  nearly  unmixed 
green  sand  with  a  few  subordinate  beds  of  fine  foliated  day  and 
quartzose  sand,  together  about  30  feet  thick.  The  calcareous  bands 
are  here  entirely  wanting.  Fossils  are  very  rare;  they  consist  of 
the  following  named  and  characteristic  species,  which  are  suffioent 
to  show,  with  the  collateral  eyidence  of  mineral  structure  and  sape^ 
position,  the  true  relation  of  the  group. 

Calcaire    !!_<« 
Middle  GfOMier    SSL 

Bagshot  Syat^e  and        Suidk 

Suda.  Bmxdlien.       Glaneonie  n^LTT* 

Cardiam  semistriatum,  Deth. ...  Chobham.  Cassel.  Oise. 

Corbnla  gallica,  Zam Chobbam.  Cassel.  Oise. 

plicata,  £tii0 Shapley 

striata,  i)«tA Shapley.  Brussels?  Oise. 

Nucula  similis,  &N0 Shapley.  Cassel.  Oise. 

Nummulites  laevigatus,  Brug...,  Chobham.  Cassel.  Oise. 

Ostrea  flabellola,  Zam Chohbam.  CasseL  Oise. 

Pecten  comeos,  Sbi0. ? Shapley.  Brussels?  

Turritella  saldfera,  £am Goldsworth Aisi|e. 

Venericardia  acuticostata,  Lam.  Goldsworth Oise. 

el^^s,  i>esA. Shapley Oise. 

plaiiicoBta,i)etA.(a6tfiufaii/)  Chobham.  Cassel.  Oise. 


Cassel. 

Oise. 
Oise. 

Brussels? 
Brussels? 
Brussels. 
Brussels. 
Brussels  ? 
Brussels. 

Oise. 

liamna  elegans,  AgoM Goldsworth. 

oompressa,  jlpas.  ? Goldsworth. 

Carcharodon  aogustidens,  ^gas,  Goldsworth. 

Pristis  oontortus,  Dix Goldsworth. 

Otodus  obliqnusi  Agat Goldsworth. 

Myliobates  striatus,  Agai.  ? Goldsworth. 

iEtobates  irregularis,  Agai Goldsworth. 

Edaphodon  Bucklandi,  ^^ot....  Goldsworth. 

leptognathus,  Agat Goldsworth. 

eurygnathus,  Aga», Goldsworth. 

X,-  '^«^?rowcl8  apeciea  marked  with  ?  are  in  Om.  d'HaUoy's  lUts  of  the  fbssili  of 
the  Sables  calcarif^res ;  see  note  f,  p.  233. 

With  the  exception  of  three  species,  peculiar  to  the  English  arei» 
there  are  nineteen  which  occur  likewise  either  in  the  Calcaire  giw- 
aer  zone  of  Cassel  or  in  that  of  Brusssels ;  and  14  of  these  (indu- 
oing  all  these  shells  except  one)  species  range  into  the  Paris  Tertbiy 
aistnct.  The  Nummulites  htvigatus,  Fenerieardia  pUmicoita,  V* 
acw/tcM^a,  and  OMtrea  flabelMa  abound  in  the  Glauconie  meskt 
and  the  lower  beds  of  the  Calcaire  grossier,  and  it  is  on  this  letel 
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that  I  would  place  the  central  green  sands  and  marls  of  Cassel  (A 
and  I  of  Lyell's  section)  and  the  green  sands  of  Bagshot. 

In  conaequence  of  this  parallelism  of  these  green  sands  of  Bagshot 
with  the  Bracklesham  series  of  Blampshire,  I  had  on  a  former  occa- 
sion (op.  cit.  p.  399)  suggested  that  the  lower  unfossiliferous  sands  of 
the  Bracklesluun  series  and  the  Lower  Bagshot  sands  might  possihly 
be  of  the  same  age  as  part  of  the  "  Sahles  and  6r^  inflrieurs,"  but 
that,  in  the  absence  of  fossils,  the  evidence  was  not  sufficiently  posi- 
tive*. The  other  course  we  have  now  followed  through  Flanders  has, 
by  the  extension  of  many  of  the  fossils  of  the  "  lits  Coquilliers," 
by  the  lithological  structure  and  dimensions  of  the  mass,  and  by  the 
recognition  of  the  London  Clay,  afforded  the  further  evidence  required. 

l^eae  considerations  induce  me  to  place  the  Lower  Bagshot  Sands 
on  the  level,  on  the  one  hand,  of  the  three  upper  divisions  of  the 
"*  Sables  infc^rieurs"  (but  chiefly  of  the  Sables  divers)  of  M.  d' Archiac, 
or  the  '*  Glauconie  moyenne  "  of  M.  Graves ;  and,  on  the  other  hand, 
cm  that  of  the  *'  Sables  Ypresiens  "  and  the  Syst^me  PaniseHen,  and 
induding  possibly  the  lower  part  of  the  Brussels  Sandsf. 

§  10.  Conclusion. 

If  the  synchronism  of  the  Bracklesham  series  with  that  of  the 
*'  Calcaire  grossier"  be  admitted,  then  the  independence  of  the  London 
Tertiaries  with  respect  to  the  former  deposit  will  apply  with  equal 
foice  to  the  latter.  For  I  have  lately  shown^  that  the  London  series 
contains  485  species  of  oi^anic  remains  (plants  excluded),  and  that 
only  eighty-eight  or  1 8  percent,  of  these  pass  upwards  into  (or  through) 
the  Braddesbun  series ;  or  taking  the  fossils  of  the  two  series  together, 
there  are  only  9*4  per  cent,  common  to  both.  There  are  altog^ether 
397  species  peculiar  to  the  London  group,  and  they  form — the  fishes, 
Reptiles,  Cnistaceans,  and  Echinodermata  especially — a  very  charac- 
teristic £iuna.  The  distinctiveness  of  age  and  origin  shown  by  the 
&Dna  is  fully  corroborated  by  the  physical  evidence. 

The  large  proportion  of  species  peculiar  to  the  three  lower  divisions 
of  M.  d'Archiac  also  shows  a  well-maintained  distinction  between 
these  beds  and  the  Calcaire  grossier ;  although  in  this  case  the  fauna 
of  the  Lits  Cloquilliers  serves  as  an  intermediate  link,  and  tends  to 
lessen  the  apparent  force  of  that  difference.  Nevertheless,  these  lowest 
French  divisions  are  evidently  in  closer  relation  with  our  more  distant 
London  Tertiaries  than  with  the  overlying  series  in  the  Paris  area. 

I  conceive,  therefore,  that  we  may  take  the  "  London  Tertiaries  " 
as  a  good  natural  group,  constituting  an  important  and  independent 
division  of  the  Eocene  period  perfectly  well  marked  by  its  organic 

*  M.  DumoDt  has  since  visited  the  Bagshot  district,  and  without  hesitation 
xcfened  the  Lower  Bagshots  to  the  Ypresien  Sands.  Quart.  Journ.  Geol.  Soc. 
wL  TiiL  p.  370. 

t  1  am  inclined  to  place  in  this  series  (the  equivalent  of  the  "  Olauconiu 
moyenne  ")  the  40  feet  of  siliceous  sands  without  fossils,  and  possibly  even  the 
"  Gr^  lottr^  "  (strata  b&e,cp.  eit,  p.  334),  included  in  the  base  of  the  Brussels 
gnwp. 

X  Quart.  Journ.  GeoL  Soc.  vol.  z.  p.  435. 


Digitized  by 


Google 


238  PROGKEDINGS  OF  THS  GEOLOGICAL  SOCIETY. 

remains.  In  this  conntry  it  is  equally  weU  diBtingniBhed  by  stmcture 
and  physical  characters ;  whereas  the  absence  of  distinctive  physkd 
phenomena  in  the  eavivalent  series  in  France  has  tended  to  mask 
the  palieontological  cbstinctiTeness  which  there  also  equally  charac- 
terizes this  group  of  strata. 

The  series  next  above  the  London  Tertiary  group  I  would  tenn 
"  the  Paris  Tertiary  group/'  of  which,  in  France,  the  centre  in  time 
is  the  Calcaire  grossier,  and  in  this  country  the  Bracklesham  Sands. 
Of  the  relations  of  the  deposits  of  this  period  and  the  one  next  sue- 
ceeding  I  purpose  to  treat  in  the  next  part  of  this  paper.  My  reason 
for  talang  as  the  base  of  this  Paris  group  the  Lits  Co<mil&ers  and 
the  Sables  divers*,  or  rather  the  Glauconie  moyenne  of  M.  Graves, 
is  founded  chiefly  on  the  palaeontological  evidence ;  notwithsTanding 
that,  in  mineral  characters  and  in  the  absence  of  any  vreU-defined 
base-line,  they  seem  as  much,  or  even  more  in  regular  sequence  with 
the  underlying  than  with  the  overlying  seraesf .  In  this  country, 
on  the  contrary,  there  is  no  fossil  fauna  to  distinguish  the  beds  ik 
this  age  (the  Lower  Bagshots),  but  in  lithologu»l  characters  and 
structure  they  form  one  consecutive  series  with  the  overlying  beds 
of  the  Bracklesham  sands  find  days.  No  passage  exists  between 
the  Bagshot  Sands  and  the  London  Clay.  It  is  true  that  there  is  no 
strongly  marked  line  of  separation — only  occasionally  is  a  band  of 

E*  ^  les  spread  over  the  surface  of  the  London  Clay.  In  Flanders  and 
urn  the  division  is  again  less  marked.  But  although  an  eroded 
ce,  a  conglomerate  bed,  or  a  sudden  alteration  of  mineral  cha- 
racter form  palpable  and  useful  adjuncts  indicative  of  distinct  periods 
and  of  altered  times,  yet  such  corroborative  evidence  is  by  no  means 
indispensable.  When  these  pheenomena  occur,  some  geolqg;ical 
chaises  are  generally  indicated,  but  it  by  no  means  follows  that  these 
phaenomena  must  necessarily  be  attenduit  upon  all  such  changes.  If 
the  movements  of  the  earth's  surface  at  that  time  took  place  at  a 
distance,— or  if  the  encroachment  of  the  sea,  after  its  retirement  from 
the  land  during  a  long  period,  were  mdual,  and  the  materials  drifted 
to  form  the  newer  beds  were  derived  from  the  same  source  again  as 
formerly, — then  the  peculiarity  alone  of  the  new  fauna  would  form  the 
test  of  its  independence,  as  the  physical  distinctions  would  necessarilj 
be  in  a  great  measure  faint  and  obscure. 

One  cause  possibly  of  the  difference  of  the  faunas  of  the  Calcaire 
Grossier  and  Lits  Coquilliers  and  of  the  London  Tertiaries  is  the 
connexion  apparently  of  the  former  with  forms  generally  considered 
to  belong  to  more  southern  and  hotter  climates,  and  of  the  latter  with 
the  forms  usually  inhabiting  more  northern  seas.  Commencing  with 
the  Thanet  Sands,  a  sea  open  to  the  north  extended  probably  over 
the  south-east  of  England,  Belgium,  and  the  north  of  France  ;  whilst, 
to  the  south  of  that  area,  dry  land,  including  the  greater  part,  if  not  the 
whole,  of  the  Pans  Tertiary  district,  prevailed  and  continued  to  prevail 

*  With  possibly  acme  poitioD  of  conglomerate  beds. 

t  M.  Rti^,  however,  seems  to  imply  that  the  base-line  between  the  Glauoonie 
moyenne  and  the  "  Sables  des  Lignites  "  is  generally  well  defined.  Bull.  Soc.  G^. 
2nd  ser.  vol.  viii.  p.  461. 
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for  some  time.  A  subsequent  extension  of  the  sea  to  a  short  distance 
further  south  then  led  to  the  formation  of  the  lower  marine  sands  of 
Champagne,  the  Aisne,  and  the  Oise,  and  the  marine  beds  of  the 
Woolwidh  series  in  East  Kent ;  whilst  the  continuance  of  some  small 
or  slow  changes  in  progress  during  this  period  caused,  after  a  time, 
the  littoral  zone  of  this  sea  to  be  fringed  with  river  or  with  lagune 
deposits,  in  which  fresh-  or  bracldsh-water  areas  the  lignites  and  their 
associated  shell-beds  were  accumulated.  A  slight  further  subsidence 
again,  however,  led  to  the  partial  return,  over  these  freshwater  or 
fluviatile  deposits,  of  the  same  sea  with  part  of  that  fauna  that  the 
changes  of  level  or  silting  up  of  bays  had  temporarily  displaced. 
This  last  period  appears  to  have  been  rather  suddenly  succeeded  by 
an  extensive  rise  of  the  Lower  Tertiaries  to  the  south,  and  a  further 
depression  to  the  north,  or,  I  apprehend,  more  exactly  to  the  S.S.E. 
and  N.N.W.*,  whereby  in  the  former  direction  a  large  area  was  pro- 
bably again  converted  into  dry  land,  whilst,  in  the  latter  direction, 
the  sea  only  became  deeper  and  somewhat  more  extensive,  covering 
the  area  now  occupied  by  the  London  Clay.  During  this  latter 
important  period,  the  sea  stretched  over  the  south-east  of  England, 
some  part  of  the  north  of  Normandy,  Flanders,  and  part  of  Belgium, 
as  far  east  probably  as  Brussels,  and  thence  apparently  north-eastward 
in  a  course  which  yet  requires  tracing.  That  that  sea  was  extensive 
is  evident  from  the  width  and  depth  of  the  delta  of  the  London  Clay, 
which,  with  a  maximum  thickness  of  480  feet,  exhibits  a  transverse 
section  in  a  straight  line  of  not  less  than  200  miles, — conditions 
which  also  could  hardly  have  obtained  without  a  large  river  f,  and 
therefore  a  large  tract  of  adjacent  dry  land,  unless  possibly  by  the 
wear  of  a  long  line  of  coast. 

The  wider  spread  of  the  seas  over  the  two  countries  is  resumed  at 
the  period  of  the  Lower  Bagshot  Sands.  The  change  seems  to  have 
been  a  gentle  one.  The  waters  recommenced  their  deposition  over 
the  shingle  and  sands  capping  the  Lignite  and  Plastic  Clay  series  in 
the  Paris  district,  and  over  £e  London  Clay  in  England,  and  this 
change  was  apparently  the  result  of  some  extensive  subsidence  to 
the  south.  For  not  only  have  the  strata  of  this  period  a  greater  range 
southward,  but  a  new  fauna  abounding  in  more  southern  forms  is 
now  introduced,  and  with  it  appears  in  extreme  profusion  the  Num- 
muUtes  planulatus,  followed  soon  after  by  the  several  other  species 
of  this  Foraminifer  which  so  distinguish  the  middle  portion  of  the 
Eocene  or  Paris  group  of  strata  of  this  part  of  Europe. 

Many  species  of  the  shells  which  had  passed  from  the  Lower 
marine  sands  into  the  London  Clay,  or  had  migrated  to  some  adjacent 
district,  reappear  in  the  "  Lits  Coquilliers  " ;  but  few  of  them  had 
their  existence  prolonged  to  the  penod  of  the  Calcaire  grossier. 

*  And  not,  therefore,  in  any  way  connected  with  the  rise  of  the  Wealden  and 
Pijs  de  Bray,  the  final  elevations  of  both  of  which  tracts  I  believe  to  be  subse- 
qnent  to  this  period. 

t  The  large  quantity  of  organic  remains  derived  from  land,  and  at  the  same 
time  the  absence  of  freshwater  shells,  most  surely  indicate  the  proximity  of  a 
oonaiderable  tidal  river.  For  this  and  many  other  reasons  the  debris  seems  to  me 
to  have  been  derived  from  such  a  source  rather  than  from  the  wear  of  a  coast. 
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A  Stronger  break,  physically,  takes  place  between  the  "  Lits 
qiiilliers  "  and  the  '^  Glauconie  grossi^re  "  than  is  shown  at  the  I 
of  the  "  Lits  Coquilliers ;"  but  nevertheless,  that  break  seems  of  1 
importance  with  reference  to  the  animal  life  of  the  period,  as  so  o 
siderable  a  proportion  of  the  species  of  the  *'  Idts  Coquillieis''  i 
continued  up  into  the  Glaucome  grossi^re  and  Calcaire  grosaier*. 

We  cannot  expect  to  find  in  each  coimtry  an  exact  identity 
the  fossils  of  these  various  geological  zones.     The  difference  is  ^^^ATr 
important.      In  each  centre  there  are  a  considerable  number  t 
species  peculiar  to  it ;  and  at  the  same  time  that  there  are  usudl 
a  sufficient  number  to  establish  the  correlation  of  the  strata,  tha 
yet  remain  sufficient  differences  to  show  the  variations  produced  I 
nabitat,  depth  of  water,  temperature,  &c.,  such  as  would  exist  ofi| 
areas  of  like  extent  in  the  present  day.     These  variations,  while  thl| 
afford  matter  for  speculation  as  to  what  was  the  ancient  distribute 
of  land  and  water  in  these  districts,  yet  leave  resemblances      '^ 
ciently  strong  to  enable  us  to  engage  in  such  speculations  upon  a  sa 
and  certain  basis.   They  also  show  us  that  whilst  it  may  not  be  ssfe  t 
expect,  upon  any  h  priori  reasoning,  a  repetition  of  a  like  order  < 
palaeontological  succession  in  the  two  countries,  we  may  neverthelii 
often  successfully  seek  for  that  order  by  taking  into  consideration  t 
Umits  within  which  the  differences  may,  under  anv  circuiiistani 
be  admitted  to  extend  ;  and,  having  determined  and  eliminated 
phaenomena  which  may  be  considered  aberrant,  we  may  look  for  1 
terms  of  comparison  where  the  conditions  again  become  more  j 
and  common. 

Fragmentary  as  our  Tertiary  deposits  appear  to  be,  I  believe  1 
to  be  in  a  great  measure  the  effect  of  denudation  and  local  i 
ties  of  structure,  and  that  we  shall  eventually  be  able  to  con 
many  of  them  over  lai^  areas,  and  to  show  that  they  are  tor  i 
most  part  merely  the  littoral  and  shallow  water  deposits  of  \ 
which  probably  had  a  wide  and  oceanic  range. 

*  At  the  aame  time,  although  I  group  the  Lower  Bagshot  Sands  and 
equivalents  in  the  French  series,  with  the  Paris  rather  than  with  the  Lc 
Tertiaiies,  in  consequence  of  their  apparently  closer  relationship,  both 
ontologically  and  lithologically,  with  the  former  thaa  with  the  latter  g 
still  that  relationship  is  not  so  close  but  that  those  deposits  may  prove  to  1 
entitled  to  a  separate  grouping.    For  the  zoological  gap  between  the  Lon ' 
Clay  and  the  Bracklesham  Sands  and  Calcaire  grossier  is  such,  there  not  I 
10  per  cent,  of  species  in  common,  as  to  indicate  a  length  of  time  of  conaide 
importance.     This  period  may  be  probably  only  in  part  represented   by 
Lower  Bagshot  Sands  and  Glauconie  moyenne.    The  fauna  of  the  "  Lits  Coqi 
liers"   is,  after  all,  very  distinct,  not  only  from  that  of  the  beds  beneath  I 
them,  but  also,  although  to  a  less  extent,  from  that  of  the  Calcaire  gnMsier  i 
above.    In  England,  where  mineral  evidence  alone  assists  us,  it  is  di£Scolt  to  I 
separate  the  two  groups ;  in  Belgium,  both  in  mineral  character  and  in  the  i 
few  organic  remains,  there  is  still  less  apparent  distinction,  whilst  in  the  Paris 
area,  where  organic  remains  become  numerous,  their  individuality  as  forming  j 
a  distinct  fauna  becomes  far  more  marked.    From  the  facts  given  by  M.  Aldde  ' 
d'Orbigny,  it  seems  probable  that  this  deposit  attains  still  greater  importance  and 
distinctiveness  as  it  ranges  southward.    It  is  in  this  series  that  the  great  develop- 
ment of  Nummulites  takes  place  within  the  London  and  Paris  areas.    The  nnder- 
lying  London  Tertiaries  are  as  much  marked  by  the  absence  of  these  Foraminifera 
as  the  "  Lits  Coquilliers  "  are  by  their  extraordinary  abundance. 
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EXPLANATION  OF  PLATE  VIIL 


1  u  drawn  from  the  nearest  points  in  England  and  in  French 
prhere  all  the  series  beneath  the  Calcaire  grossier  zone  inchisive 
be  depfth  and  position  of  the  strata  along  this  line  are  proved  at 
ng  points  by  local  sections  of  railways,  wells,  and  cliffs,  which 
iy  been  described. 

Hni,  Chobbsm  Place,  1  See  Quart.  Joam.GeoL  Soc.  vol.  iii.  pp.  382, 
Com.,  Chobham  Ridges  J         384. 

oint,  Stratford Ibid.  toI.  vi.  p.  262. 

Mortlake,     Kingston,  l 
Hon,  Paddington,  Horn-  •^Ibid.  vol,  x.  pp.  96,  144-7. 

Proc.  Geol.  Soc.  vol.  iii  p.  132. 

Richborough  Quart.  Joani.GeoL  Soc.  vol. viiL  pp.  239, 251. 

'The  Water-bearing  StrataofLondon,'p.  208. 

r  Quart  Journ.  Geol.  Soc.  vol.  viii.  p.  324,  and 
^ X        Essai  BUT  la  Fland.  Fran?.,  pp.  156-169. 

hts  of  tbe  principal  hills  in  this  country  I  have  determined  roiighlv 
roid  barometer;  those  in  Flanders  are  taken  from  the  French 


". 


is  a  continuation  of  Section  1  prolonged  southward  to  that 
tion  of  the  Paris  basin  where  a  complete  development  of  all  the 
Qg  the  "  Sables  inf^rieurs  "  of  M.  d'Archiac  occurs  in  connec- 
le  "  Calcaire  grossier"  group.  In  this  second  section  and  part 
as  I  have  not  had  leisure  to  visit  all  the  French  localities, 
le  main  geological  features  are  derived  from  the  local  descriptions 
urles  LycU  and  M.  Meugy  in  Flanders,  of  M.  Buteux  in  the 
d  M.  Uravea  in  the  Oise ;  whilst  the  general  configuration  of 
r  is  taken  approximately  from  the  admirable  French  Ordnance- 
b  famish  us  with  levels  both  of  hills  and  river -courses,  that 
ise  excellent  maps  are  entirely  deficient  in. 

are  the  references  to  sections  on  this  line : — 

I  p.  163 ;  Armenti^res,  p.  152 ;  Sedin,  p.  107 ;  Douai,  p.  106 ; 
I  and  sections ; — Meugy,  "  Essai  de  Geologic  pratique  sur  la 
qiisc,"  1852. 

-Pev^le ; — Lyell,  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  359. 
*ourt  and  Hangest,  north  of  Montdidier,  p.  45 ; — Buteux,  "  Es- 
tlogique  du  D^partement  de  la  Somme,"  1849. 
[pp.  184,  244;  Agnetz,  pp.  248,  370,  493;  St.  Felix,  pp.  299, 
"tsai  sur  la  Topographic  Geognostique  du  D^partement  de  rOise." 
ghbourhood  of  Noailles  is  sketched  chiefly  from  my  own  obser- 

>er  of  M.  Elie  de  Beaumont  in  the  '  M^moires  de  la  Soci^t^ 
i  de  France,'  vol.  i.  p.  107,  has  aided  me  in  the  general  features. 
\\e  geological  maps  of  M.  Elie  de  Beaumont  and  M.  Dumont  have 

of  material  assistance.. 

;i. PART  I.  s 
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Not  haying  lufficient  data  to  ^ve  the  dip  of  the  Chalk  throughout  thex 
sections,  I  have  preferred  leaving  out  the  stratification  altoeether,  and 
merely  inserting  tne  Chalk  as  a  rock-mass  under  the  Tertiaries  (see  below). 

These  lines  of  sections  do  not  follow  a  straight  line, — ^the  variationa  of 
directions  are  indicated  approximately.  The  horizontal  scale  is  about  7 
miles  to  the  inch,  and  the  vertical  scale  2000  feet  to  the  inch. 

The  numbers  under  the  names  of  places  denote  the  height  of  the  spot  is 
feet  above  the  sea-level. 

The  black  shading  marks  the  depth  of  water  in  the  Channel  and  the 
Thames. 

The  zones  6  and  7  are  left  blank,  as  their  correlation  is  not  treated  d 
in  this  paper. 

For  the  divisions  of  the  Sables  inf^eurs  of  M.d'Archiac  see  p.  20B; 
also  Table. 

All  the  Faults  and  minor  disturbances  are  omitted  in  both  sections. 


Diagram.  As  the  scale  of  the  preceding  sections  does  not  admit  of  aor 
detail  in  the  structure  of  the  lowest  group  of  the  Tertiaries — tlhat  betweea 
the  Chalk  and  the  London  Clay — I  have  here  eiven  a  theoretical  reston- 
tion  of  these  beds  as  presumed  to  have  extended  from  London  to  Pant.  It 
is,  in  fiict,  a  magnified  representation  of  zone  No.  1  of  both  the  Section 
above,  irrespective  of  the  present  configuration  of  the  sur&ce. 

The  vertical  dotted  lines  denote  the  position  of  the  proved  and  complete 
local  sections  on  which  the  whole  series  is  established,  whilst  the  M 
places  at  which  each  member  of  the  series  can  best  be  studied  is  indicated 
by  the  names  attached  to  the  corresponding  letters. 

The  distances  are  only  approximately  preserved  in  this  diagram.  Tie 
scale  of  depth  is  one  inch  to  200  feet. 

The  stratification  of  the  Chalk  is  not  given,  for  the  same  reason  as  mar 
tioned  with  respect  to  the  sections.  I  may  state,  however,  that  beneadi 
the  Tertiaries  at  Paris,  the  Chalk  has  been  found  to  be  1400  feet  thick; 
whilst  at  Lille  the  Tertiaries  repose  upon  Chalk-strata  only  217  feet  thick 
and  overlying  the  Carboniferous  Limestone ;  at  Calais,  the  Chalk  beneath 
the  Tertiaries  again  attains  a  thickness  of  765  feet,  reposing  upon  the 
Coal-measures ;  and  at  London  of  645  feet,  resting  on  tne  Upper  Green- 
sand  and  Gault. 

For  the  evidence  on  which  that  portion  of  the  Biagram  which  extendi 
from  Chobham  to  Richborough  is  founded,  see  my  paper  "On  the  Woolwich 
and  Reading  Series,"  in  Quart.  Joura.  Geol.  Soc.  voLx  p.  75-170,  and  Plafe& 

At  Calais,  the  well-section  showed,  under  85  feet  oi  recent  deposits  and 
20  feet  of  London  clay,  beds  which  I  should  ^up  thus : — 

feet. 

Greenish  sands  with  traces  of  shells 10  \  Bagement  bed  qf  the  hmim 

Large  flint-pebbles 3^/     C7«y? 

Light-coloured  green  sands ;  traces  of  shells. . .  32       Woohaieh  and  Readmg  terii^ 

Very  fine  light-grey  sands 17 

Clayey  sands  with  traces  of  shells 8 

Compact  ssndy  clay  11 

Hard  brown  day  with  traces  of  shells. 23 

Beds  of  clayey  grey  and  greenish  sands  19 

Bed  of  flints  in  day \% 

Chalk. 

As  the  specimens  were  much  crushed  by  the  auger,  I  could  not  detennioc 
any  of  uie  shells.  Between  Calais  and  Cassel  1  have  no  sections,  except 
shallow  surface-sections  at  Watten,  where  I  recognised  the  London  Clay* 


ThmetSand9, 


Digitized  by 


Google 


PRBSTWICH — BRITISH  AND  FOREIGN  TKRTIARIES. 


243 


(Batement  bed}) 

Upper  Landenian. 

(  Woohoich  4r  Reading  teriet,) 

Lower  Landenian. 

\Tktmet  Sanda.) 


Upper  Landenian. 
^  ( Woohoieh  Sf  Reading  eeriee.) 


Lower  Landenian. 
\Thanet  Sandt,) 


I  Upper 


Landenian. 


Aft  Armentihes,  under  37  feet  of  London  Clay,  M.  Meugy  describes*  {op, 
cit,  p.  152)  :— 

feet. 

"  Blackish  sand,  rather  compact   10 

Looie  green  land 34 

Plastic  clay 2 

Greenish  clayey  sand 52 

Compact  clay  10 

Hard  and  diy  clay 36 

Chalk." 

A  little  beyond  our  line  of  section,  and  further  to  the  east,  a  well-section 
at  Tourcoing  (p.  150)  gave, — 

feet. 

"Clay 7i 

Shifting  sand 36 

Blue  cUy 1471    Ypresian  day.    LondonClay. 

Green  sand 16 

Seam  of  lignite   i 

Green  sand 44 

Clay  mixed  with  sand 22 

Clay  with  seam  of  iron  pyrites  3 

CIsy  mixed  with  sand — at  base  a  hard  stone 
(csrbonate  of  iron  ?),  4  to  5  in.  thick   ...  33 

Blsck  sandy  day— dry  and  with  pebbles 57 

Chalk." 

At  La  Magddeine  near  Lille  (p.  148),  under  drift  and  28  feet  of  London 
«Uy,  there  occurs, — 

feet. 

"  Tbe  green  sand  10 

Ditto  with  a  seam  of  clay 2 

ArgiRaceoos  green  sand,  dTervesdngwith  adds  46 

Blackish  grey  day,  very  compact 28 

Cierish  argillsceous  sand  (efferresces) 11 

Chilk." 

At  Orchies  (p.  146),  to  the  southward  of  Lille,  under  18  feet  of  drift  and 
20  of  London  day,  there  are, — 

feet 

"  Grey  qmck-sand  14 

Green  sand 70 

Scam  of  day  and  thin  qnick-sand 2 

Hsnisaad  28 

City 21 

Hsrdsand  6 

Clay  sod  sand 5 

Near  Faumont,  between  Lille  and  Douai,  the  section  is  as  follows — 

feet. 

"Vegetsble  soil  and  clay   25      Tpresian  day. 

Blackish  quidE-sand   7  1  Unner  Landenian 

Green  quick-sand  with  a  seam  of  blue  clay  ...  67    J     ^"^ 

nX'S?!::!':^.'!*^.::::::::::::::::::::::::  ^  li-werL-idento." 

H.  Meugy  further  speaks  of  the  upper  glauconiferous  sAnds  (Upper 
Landenian  ?)  which  forms  the  small  outhers  south  of  Douai  and  of  the 
River  Scarpe.  It  is  not  clear  from  the  text  if  he  means  that  the  Lower 
Ssnds  are  wanting;  but  in  hk  sections  he  makes  the  outlier  at  Bmne- 
BKmt,  near  Douai,  to  consist  of  both  Lower  and  Upper  Landenian — 
■ . k ■ — — 

*  la  these  descriptions,  I  merdy  give  a  literal  translation  of  the  original— my 
own  additions  are  in  UaUea, 

82 


Lower  Landenian. 


Upper  Landenian. 


Lower  Landenian." 
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the  fonnef ,  however,  being  leduoed  to  one-third  of  the  tiiickness  he  giffi 
to  it  on  the  north  of  Douai.    (PL  VIII.  Sect.  2.) 

South  of  this  district  extends  part  of  the  great  Chalk -plateau  of  PicardT, 
rising  to  an  average  height  of  300  to  500  feet,  and  showing  only  at  a  fev 
distant  intervals  small  cappings  of  Tertiaries.  Of  this  ustrict  we  oo^ 
possess  a  very  general  description.  A  little  to  the  east,  however,  of  this 
line  of  section,  between  St.  Quentin  and  Peronne,  M.  Elie  de  Beaumont 
has  given  (op.  cit.  p.  112  and  pi.  7-  fig.  1)  a  section  which  is  of  considerakk 
interest,  inasmuch  as  it  shows  that,  whereas  at  Mons-en-P^vele  the  lignite 
series  is  separated  from  the  *'  Lits  Coouilliers"  and  "Glauconie  moyouie" 
by  150  feet  of  London  clay,  at  the  hill  above  Marteville,  near  St.  Qhientb, 
the  London  clay  is  apparently  wanting,  and  the  total  thickness  of  the 
strata  beneath  the  Glauconie  moyenne  is  thus  much  reduced  (see  PI.  VIII. 
Sect.  2).    The  following  is  an  abstract  from  the  text  (p.  113) :—     ^^ 

Sand  with  calcareous  concretions,  full  of  NummuUtet  and  J\arriteUa..,  10  to  13 
Greenish  laminated  clay,  containing  vegetable  impressions  and  capped 

by  a  seam  of  imperfect  lignite 26  to  32 

Thin  seams  of  red,  yellow,  and  black  clays,  with  indications  of  lignite : 

— a  few  decimetres. 
Quartzose  sand  with  green  grains,  the  lower  part  greener  than  the  upper. 

The  thickness  of  the  last  bed  is  not  given,  but  from  the  general  descrip- 
tion, the  section,  and  the  height  of  the  lull,  and  as  at  a  short  distance 
lower  down  the  hill  the  Chalk  crops  out,  I  should  suppose  it  not  to  exceed 
20  to  30  feet.  Now  I  presume  these  upper  sands  belong  to  the  Gfamcooie 
mo}[enne  (Graves),  witn  the  Nummulites  planulatus,  and  that  the  davi, 
Ugnites,  and  greenish  sands  belong  to  the  Upper  Landenian  or  the  Woolwidi 
and  Reading  series. 

The  department  of  the  Somme  has  been  more  fully  described  by  M. 
Buteux,  according  to  whom  the  Tertiary  outUers  set  in  again  more  conti- 
nuously in  the  neighbourhood  of  Montdidier.  He  gives  the  foUowiag 
section  on  the  chalk-hills  between  Davenescourt  and  ^mgeat : — 

''  Grey  sand  and  thin  seams  of  sandstone 2 

Reddish  sand 6i 

Greenish  sand 91 

Whitish  sand ?" 

It  is  on  the  confines  of  the  Somme  and  the  Oise  that  the  remarkable 
thick  pebble-beds,  extending  from  east  to  west,  and  which  M.  Gravei 

S.  182)  considers  as  indicating  the  boundaries  of  an  old  shore,  occor.   On 
out  Soufflard,  between  Montdidier  and  Breteuil,  these  beds  are  largely 
developed.    M.  Buteux  gives  the  following  section  of  them  : — 

feet 

"  Round  flint-pebbles  enveloped  in  a  matrix  of  grey  plastic  day* 2& 

Grey  and  yellowish  plastic  cUy,  with  rare  remains  of  shells 4 

Sandy  bluish  grey  clay 4 

Lignites 6| 

Bluish  plastic  clay 4 

Whitish  sand  paraing  into  greenish 16 

Plastic  clay ?" 

M.  Graves  gives  the  following  section  of  the  hill-top  at  Coivrel,  sooth 

of  Montdidier : — 

feet. 

^  Yellowish  and  ferruginous  sands  with  sandstone 23 

Compact  green  day    2 

*  According  to  M.  Graves  (p.  243),  it  is— sands  and  pebbles  26  feet.  Hie 
shells  beneath  he  states  are  the  Ostrea  BeUooaeina  and  Pakidma  lento. 
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feet. 
Greenish  marl  with  Oatrea  BeOovaeinat  Mekmia  mqumata,  CerUkiumaemham, 

Cifrma  etmeifitrmu,  &c.    I 

Green  clay  4 

Earthy  lignite  mixed  with  some  red  day  and  flat  pieoea  of  iron  pyrites  3^ 

Gnen  clay  2 

White  sand." 

At  Pronleroy,  a  ihort  distance  south  of  Coivrel,  is  this  section  (p.  244). 
The  lower  sands  here  commence  to  exhibit  the  marine  fossils  of  Brachetix. 

ficet* 

"  Mottled  grey  and  buff  stiff  clay  containing  petrified  wood 2 

Hard  greyish  fisspe  limestone  full  of  CAom  s<»eds 3^ 

Greenish  mari  with  Oitrea  BeBovaema  in  abundance 1 

Green  sand  with  the  same  oysters 2^ 

Whitish-grey  sand,  with  Cveulkem,  Crauatetta  tuleata,  Venericardia  muUi' 

eoitata,  TurriUUa  editUf  &c 5 

Yellow  sandis  with  the  same  shells  more  numerous 8 

Chloritic  sands  without  fossils,— the  Chalk  at  a  slight  but  variable  depth." 

This  series  is  extremely  variable.  The  following  is  the  section  (p.  234) 
at  St.  Sauveur,  near  Pont  St.  Maxence,  one  of  the  pkces  where  the  beds 
over  the  lignite  (but  belonging  to  that  series)  contain  marine  shells. 

ieet* 

**  Superficial  soO 1^ 

Yellow  sand,  containing  an  immense  quantity  of  0$irea  BeOovacina,  Cert- 
thnan  mutaiile,  Cjfrena  eune^brmu,  Pectvneidut  terebratularit,  &c  ...    8^ 

Grey  g^uooniferous  sand  3^ 

Bluish  mari  with  laautrine  theUt 3^ 

Earthy  lignite 2 

Greenish  and  bluish  Fuller's-earth    4 

Lignite,  soft Of 

Blackish  theUy  marl  l\ 

lignite,  harder  Of 

Marty  yeUowish-white  limestone,  hard,  fissile,  and  BheUy  1 

Hard  compact  lignite,  with  plants,  and  bones  of  LophiodoHt  Crocodile,  &&...    4 

Blue  marl  with  selenite 3^ 

White  day  5 

Grey  gUnooniferous  sands,  to  the  water-level * 8^ 

These  beds  dip  beneath  the  Olauoonie  moyenne  (Graves)." 

A  wdl  at  Clermont  gave  the  following  section  (p.  288) : — 

feet. 

''Sends  belonging  to  the  Glauconie  moyenne 19i 

Brown  clay 6i 

Ssndy  marl  with  Cyrmaj  Ottrea,  Ceritkium,  &c.  li 

Bsrthy  lignite 1 

Blacldshday  U 

Bsnhy  lignite ij 

Greenish-yellow  ^auconiferous  sands." 

At  Bottlinoourty  near  Agnet^  the  thickness  and  number  of  the  beds 
fonning  the  Ugnite  series  varies  very  greatly.  At  Froidmont,  between  Cler- 
mont and  Beuivaia,  is  this  section  (p.  249) : — 

leet. 
**  Yellowish  dayey  sand  with  flint-pebbles,  (ktrea  BeBovaema,  and  veins  of 

white  marl,'— feiy  variable 11 

Seversl  beds  of  earthy  lignite,  separated  by  greyish  dayey  marl — very  variable    3 

Bloishrgrey  day 6i 

'^  grey  sand,  compact — ^maximum  thickness   13 

Etttby  lignite,  containing  pyritous  wood  and  nodules  of  iron  pyrites  2 

Msriy  limestone  with  lacustrine  fossils 0^ 
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fcd. 

Bluish-grey  day 2 

Barthy  Ugnite  with  peteifi«d  wood  and  bones  of  reptiles   2 

Bluish-grey  clay 2^ 

Very  oompact  grey  clay 10  to  16^ 

The  section  at  Bonyillers  (p.  250),  near  Noailles,  shows  a  mottled  day 
above  the  lignites : — 

'*  YeOowish  clay,  mottled  purple,  with  ffint-pebUes ;  it  is  sometimes  e&- 

tirelyred ; 7\ 

Green  day  with  broken  shells,  (ktrea,  CyreiM,  &e 2 

Bluish-grey  laminated  marl  6i 

Earthy  lignite  mixed  with  day ij 

Ferruginous  grey  sand 4 

Hsrd  lignite 1 

Grey  compact  clay 1| 

Lignite,  petrified  wood,  and  bituminous  tmnks  of  trees,  nodules  and  boids  of 

iron  pyrites,  remains  of  reptiles,  &c &| 

Blmsh-grey  day 16 

White  sand." 

At  Noailles  and  Abbecourt,  the  li&;nite  series  may  in  both  cases  be  seen 
in  the  slight  cuttings  on  the  sides  or  the  lanes,  overlying  yellowish  ssndi 
without  fossils  at  the  top,  but  abounding  with  the  ordmaiy  Bradieox 
shells  lower  down,  and  then  the  Chalk.  Bf .  Graves  gives  the  foUoiring 
section  of  the  pit  at  Bracheux,  near  Beauvais  (p.  188)  f — 

fesL 

"  Superficial  soil H 

Disturbed  beds,  with  shell-debris 2 

Tliin  layers  ef  Ottrtm  lying  flat,  with  remains  of  fishes  and  broken  shells  ...  61 

Irregular  vdn  of  iron-sandstone  0^ 

Bed  of  crushed  shells,  very  abundant,  replaced  at  places  by  a  fiul>le 

white  marl  2| 

Yellow  sand  containing  a  small  number  of  perfect  sheUs,  especially  CnnUtia 

snd  Ven/ericardia U 

Finer  sand  with  green  grains — the  same  shdls  more  numerous,  but  friable ...  2| 

Bed  of  the  c^hed  shdls  very  abundant  in  the  same  sand 1 

Grey  chloritic  sands  with  entire  fossils,  not  numerous,  and  flint-pebbles 

of  all  sizes 74 

Chalk,  with  its  superficial  bed  of  broken  flints." 

There  are  no  sections  of  the  lower  beds  between  the  Dep^.  of  the  Oise  snd 
Paris.  The  following  is  M.  Chas.  d'Orbign/s  section  of  Meudon*  near  Psiii* 
which  may  serve  as  a  type  for  the  lower  beds  of  that  district,  except  tbst 
the  fossiliferous  lignites  and  conglomerates,  Nos.  6  to  8,  are  only  of  local 
occurrence,— and  that  traces  of  the  lignites  and  clays  with  fluviatile  shelii, 
the  equivalent  of  the  above-described  lignites  and  days  of  the  Soissonnait, 
are  occasionally  found  overlying  the  mottled  clays  (No.  10). 

No.  feet. 


Calcaire 
groBsler. 


Arffile 
Phstique.^ 


12.  «  Calcaire  grossier 46 

11.  Glauooniferous  sands l\ 

10.  Plastic  day,  red,  grey,  &c 6  to  26 

9.  White  marl,  with  calcareous  nodules 1 

8.  Lignite,  with  large  PaJudina  and  Anodon  U 

7.  Laminated  clay,  with  sdenite,  iron-sandstone,  &c 0} 

6.  Conglomerate  with  remains  of  Mammals,  Reptiles,  Fishes, 

marine  and  fluviatile  shells,  &C. U 

3-5.  Pisolitic  limestone 6 

1-2.  Chalk."  ^^__ 

»  BulL  Soc.  G6oL  de  France,  voL  vii.  p.  281. 
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»L06T  of  porHomM  of  the  Turko-Pbksian  Fromtieh, 

he  OISTRICTS    AIUOIHING.        Bj  WlLLIAlf    KeNNBTT 

Esq.,  F.G.S. 

Sited  firom  the  Foreigii  OiBoe,  by  order  of  the  Eari  of  CUurendon.) 
[Be«l  Jane  21*  1854.] 
[Pl^TE  IX.] 

•  pablicatioB  of  thii  Memoir  having  been  nnavoidibly  postponed, 
tfiongfat  proper  that  a  foil  Abstract  ihould  appear  in  ita  place  In 
le  Sodet/s  JoomaL  This  Abstract  (Jooni.  toL  x.  p.  464,  &c.) 
f  the  more  serrice,  as  illness  before  the  completion  of  the  Survey, 
Cis  mnlftiplicity  of  bosiness  prerioiis  to  his  second  depaitore  from 
pdered  it  impossible  for  the  Aothor  himself  to  draw  up  a  summary  of 

Leven  to  conclude  his  Memoir,  as  he  had  intended,  with  general 
e  whole  subject. — Ed. 

[CoMTuin.] 

ithem  PortioB  of  the  Frontier), 
ant  Deposits. 
«  ASuTium. 

A.  Flnviatile  allanQm. 
.     B.  Marine  aUuvinnL 
1  Lacustrine  deposit 
L  Limestone  graveL 
fitiary  Rocks. 
I.  Gypsiferous  Series. 

Bituminous  prodoets. 
jt.  Nommulitic  Series. 

Altered  nummulitic  limestone. 
Tangs  or  transverse  defks  in  the  limestone  saddles. 
Longitudmal  fractures, 
leoondary  Bocks. 

1 1.  Upper  Secondary  or  Cretaceous  Series. 
I  2.  Lower  Seoondazy  Series. 
Nlsozoic  Bocks. 


\  H.  (Northern  Portion  of  the  Fh>ntier). 

hiODucTiON. — ^The  notes  from  which  the  following  paperf  has 
icompiled  were  made  in  the  years  1849-52,  during  tne  progress 
fioint  Commission  appointed  by  the  English,  Russian,  Turkish, 
:  Persian  Governments  for  the  demarkation  of  the  Turko-Persian 
litier. 

for  the  greater  part  of  the  first  three  years  various  political  ques- 

jto  detained  the  Commissioners  on  the  fdluvial  banks  of  the  Lower 

J^  where  but  little  scope  exists  for  the  labours  of  the  geologist. 

r*  For  the  other  Communications  read  at  this  Eyening  Meeting,  see  Quart 

frffiL  Geol.  Soc  voL  x.  p.  454,  &c. 

tThe  collections  of  rock-spedmens  and  fossils  made  by  Mr.  Loftos  are 
jpposiied  in  the  British  Museum,  the  Museum  of  Practical  Geology,  and  the 
Aliiaenm  of  the  Geological  Society.— Ed. 
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When  at  length  the  running  surrey  of  the  mountainous  portion  of 
the  frontier  was  proceeded  with,  it  advanced  with  such  r&piditj  that 
the  party  was  seldom  two  days  encamped  upon  the  same  spot ;  thus 
there  occurred  no  opportunities  for  minute  geological  ioTestigation. 

Other  difficulties  of  no  ordinary  nature  presented  themselves.  Our 
route  lay  through  the  midst  of  those  wild  mountain  tribes  who  from 
time  immemorial  have  never  acknowledged  law  or  sabjectiony  and 
who  regarded  our  movements  with  infinite  distrust.  Owing  to  the 
insecurity  of  the  country,  habitations  were  so  few  that  we  were  fre- 
quently obliged  to  carry  provisions  for  many  days  together.  Add  to 
these  facts  the  ruggedness  and  inaccessibility  of  the  passea  and 
mountains,  as  well  as  the  intense  heat  of  the  climate  (sometimes 
reaching  124°  Fahr.  in  the  shade),  and  it  may  be  conceived  that  our 
labours  were  attended  with  considerable  danger  as  well  as  difficnlty. 
Under  these  circumstances,  I  trust  that  every  allowance  will  be  maae 
for  the  imperfect  nature  of  this  communication. 

In  this  place  I  cannot  omit  returning  my  sincere  thanks  to  Her 
firitannic  Majesty's  Commissioner,  Lieut. -Col.  Williams,  C.B.,  for 
the  facilities  he  invariably  afforded  me,  and  without  which  it  would 
have  been  utterly  impossible  to  have  reached  such  localities  as  I  con- 
sidered desirable  for  the  prosecution  of  my  researches. 

Mr.  Ainsworth  is  the  only  geological  author  who  has,  from  actual 
observation,  written  on  the  structiure  of  any  portion  of  the  country 
under  consideration ;  and,  although  I  had  no  opportunity  of  going 
over  the  same  ground,  his  '  Researches  in  Assyria,  Babylonia,  and 
Chaldsea,'  in  connexion  with  the  labours  of  the  Euphrates  Expedi- 
tion, have  been  of  considerable  aid  to  me  in  tracing  me  geographical 
extent  of  the  various  formations  in  their  western  range. 

The  line  of  country  investigated  during  the  survey  bears  in  a 
N.N.W.  direction  from  Mohammerah,  at  the  head  of  the  Persian 
Gulf  (lat.  SO"*  2&  N.),  to  Mount  Ararat  (lat.  39°  42'  N.)  ;  a  direct 
distance  of  rather  more  than  600  geographical  miles.  See  Map, 
PI.  IX. 

The  first  250  miles,  from  Mohammerah  to  near  Mendfli,  is  an 
arid  and  deserted  waste,  infested  by  plundering  parties  of  Arabs  and 
Kiirds,  but  capable  for  the  most  part  of  extensive  cultivation. 

From  Menddli  to  Zohdb  (50  miles)  the  exterior  Tertiary  chain  of 
low  gypsiferous  ridges,  which  everywhere  skirt  the  west  flank  of  the 
Zagros,  is  crossed ;  and  at  the  latter  place  the  NummuHtic  limestone 
and  Cretaceous  rocks  are  first  reached.     See  General  Section*,  fig.  1. 

From  this  point  to  near  the  Lake  of  Zerribar  (60  miles)  is  a  suc- 
cession of  regular  saddle-shaped  limestone  anticlinals,  with  alternate 
synclinals  containing  disconnected  portions  of  the  gypsum-series,  and 
underlaid  by  older  blue  schists. 

The  remainder  of  the  Frontier  exhibits  a  lofty  range,  composed  of 
igneous  rocks,  which,  bursting  through  the  stratified  deposits,  con- 
stitiite  the  axis  of  the  vast  barrier-ridge  nearly  as  far  as  Bay^d  at 
the  southern  foot  of  Mount  Ararat,  a  distance  of  270  miles. 

*  The  woodcut  diagrams,  reduced  from  the  original  sections,  are  to  be  found 
at  pp.  326-344. 
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The  journeys  of  the  English  Ck)mmission>  and  my  own  when  on 
detached  semce,  extended,  however,  as  far  south  as  Shiraz  (lat. 
29^  36'  N.).  Many  of  my  most  valuable  sections  were  obtained 
during  these  journeys ;  and,  as  they  throw  light  on  the  order  of  sue* 
cession  of  the  different  formations  upon  the  immediate  line  of  the 
Frontier,  I  have  ventured  frequently  to  refer  to  them. 

If  a  traveller  approach  the  dominions  of  the  Shah  from  the  Per- 
sian Gulf,  or  from  JLower  Mesopotamia, — that  is,  between  the  parallels 
of  latitude  of  Shirdz  and  Siileimania  (29""  36'  and  35""  16'  N.),— he 
must  cross  the  vast  range  of  the  ancient  Zagros,  and  invariably  meet 
with  the  greater  portion  of  the  section  as  exhibited  in  fig.  1.  Further 
northwards,  however,  the  igneous  eruptions  alter  and  contort  the 
sedimentary  rocks  in  such  a  manner  as  to  render  their  recognition  no 
very  easy  task.  I  therefore  deem  it  advisable  to  describe,  in  the 
first  place,  the  least  complicated  and  best  developed  sections  in  the 
south,  extending  as  far  northward  as  the  A'b-i-Shirwdn  (lat.  35°  8' 
N.) ;  and,  in  the  second  place,  to  describe  certain  sections  in  the 
north,  which  throw  light  on  the  age  of  the  disturbing  forces,  and 
present  some  interesting  phsenomena  connected  with  the  deposits  of 
travertin. 

PART  I. 

Although  contrary  to  the  usual  course,  I  propose  describing  the 
various  formations  m  descending  or^er,  because  they  so  present 
themselves  to  the  traveller  going  eastward,  and  because  this  plan  is 
more  likely  to  be  serviceable  to  such  European  travellers  as  may  feel 
desirous  of  adding  to  our  scanty  knowledge  of  the  geology  of  those 
Kttle-yisited  regions. 

I.  Recent  Deposits. 

1.  -  AUvvium. — This  term  has  usually,  with  r^ard  to  the  Mesopo- 
tamian  plains,  been  applied  to  the  soil  composing  the  basins  of  all  the 
great  rivers,  falling  into  the  Persian  Gulf,  and  extending  from  the 
Hamrlne  Hills,  on  the  east  of  the  Tigris,  to  the  fi^r-f-Nedjef,  on  the 
west  of  the  Euphrates.  The  alluvial  formations  are,  however,  much 
more  circumscribed,  and  do  not  extend  beyond  a  few  miles  eastward 
of  the  Tigris,  where  they  pass  imperceptibly  into  the  underlying 
light  reddish  sands  or  fine  gravels  of  the  beds  «  of  fiss.  1  &  2,  of 
which  the  Hamrine  Hills  are  composed.  These  older  beds  frequently 
dip  at  an  angle  of  70^  and  gradually  become  horizontal  in  their 
extension  westward.  The  similarity  of  their  general  aspect  with  the 
alluvial  beds,  which  have  chiefly  been  derived  from  tJbeir  denuda- 
tion, renders  it  very  difficult  to  define  the  exact  limit  of  either 
formation. 

The  alluvium  may  be  clearly  divided  into— (A.)  fluviatile  and 
(B.)  marine. 

(A.)  The  fluviatile  alluvium,  now  in  process  of  deposition,  is  limited 
to  the  banks  of  the  rivers,  with  the  adjoining  marshes  and  canals. 
It  consists  of  a  stiff  blue,  or  fine  arenaceous  grey  clay,  and  fine  sand 
or  gravel.    These  deposits  are  dried  and  cracked  in  every  direction 
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by  the  intense  heat  of  the  sun,  and  are  on  this  account  exceedingly 
difficult  for  a  horseman  to  traverse.  They  afford  a  rich  soil  for  the 
cultivation  of  maize,  rice,  water-melons,  cucumbers,  and  the  ordinary 
vegetables  of  the  ArAbs;  and  they  frequently  contain  imbedded 
shells  of  extinct  species  of  the  genera  Cyrena,  UtUo,  Melamojms, 
Helix,  &c.  At  the  junction  of  the  Diy^a  River  with  the  Tigris 
below  B^hdM  the  deposit  is  a  tenacious  deep-red  daj,  derived  from 
the  Hamrine  red  range,  through  which  this  river  passes  in  its  course 
from  the  higher  mountains. 

At  Bdghd^  the  foundations  of  all  good  buOdings  are  laid  on  this 
clay,  at  a  depth  of  15  or  18  feet  below  the  surface,  upon  which  rests 
an  arenaceous  grey  clay  used  for  common  fictile  purposes.  During 
an  extraordinary  nse  of  the  Tigris  in  the  spring  of  1849,  the  deposit 
on  its  banks  at  B^hddd  attained  the  height  of  six  feet. 

(B.)  The  marine  beds  of  the  allurium  are  much  more  extensive 
than  tlie  fluviatile,  and  consist  of  dark-grey  or  reddish-yellow  loose 
sands  and  sandy  marls.  These  are  usually  seen  in  the  desert,  at 
some  distance  nrom  the  rivers;  and,  where  not  otherwise  distin* 
guishable  from  the  beds  of  the  underlying  rocks,  are  to  be  recc^;iiised 
by  the  growth  of  saline  plants,  and  by  dark  wet  patches,  produced 
by  the  presence  of  chloriae  of  sodium.  They  are  sometimes  accom- 
panied by  fossils. 

In  the  neighbourhood  of  Mohammerah,  S£blah  on  the  KiblSii,  and 
Busrah,  are  the  following  shells,  identical  with  species  now  living  at 
the  mouth  of  the  Persian  Gulf, — so  far  at  least  as  they  have  been 
compared  with  a  small  collection,  made  by  the  late  Captain  New- 
bold,  E.I.C.S.,  from  the  beach  of  Bushir.  (Identified  spedmens  are 
marked  with  an  asterisk.) 

Fossil  Shells  from  Mohammerah,  Sdblah,  and  Bmsrah. 

Venas.  Neritiiia  crepidalaiia,  *Piupun  (RapanA). 

Area.  LamM.  *C6rithiiuii. 

Melanopsis.  Purpura.  Cypnea. 

Strewed  over  the  desert  in  the  neighbourhood  of  the  extensile 
ruins  of  Worka  and  Sinkara,  in  Lower  Chaldsea,  and  on  the  veige 
of  the  marshes  of  the  Euphrates,  are  innumerable  fossils,  of  which  I 
collected  30  species,  many  of  the  specimens  exhibiting  distinct  traces 
of  colour.  The  Arab  women  of  the  Mdddn  tribes  collect  and  wear 
them  in  their  hair  as  ornaments. 

Fossils  from  Worka  and  Sinkara. 

Astraea.  Neritina  sp.  Strombus. 

Meandrina.  Nerita.  Nasia. 

Balanui  ?  Trochus.  ColumbeUa. 

Venus.  Cerithium.  Mitra. 

*Cardium.  Planaxis  sulcata.  Cypraea ;  2  sp. 

Spondylus.  Purpura.  AndUaria. 

Dentalium  oetangulum.  * TRapana).  Otiva. 

sp.  Murex.  Conns ;  2  sp. 

MeUnopsis.  Triton?  OtoUte  of  a  Fish. 
Neritina  crepidularia,  Lamk* 

Mr.  Ainsworth  met  with  abundance  of  similar  fossils  near  the  first- 
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mentioned  locality,  at  Gerah  on  tbe  Eaphntes ;  and  Messra.  Fraser 
and  RoflS,  during  a  iooniey  through  the  J ecireh  of  Chaldaea,  ohserred 
a  large  surface  of  the  desert  on  the  banks  of  the  Shat-el-Hie»  a  few 
miles  to  the  N.£.  of  Worka,  literally  composed  of  shells.  It  is  to  be 
regretted  that  none  were  preserved. 

Still  further  to  the  north,  in  the  centre  of  the  Jecireh,  in  about 
lat.  32^  10'  N.,  between  the  Lemldm  marshes  and  the  ruins  of  Nifir, 
I  picked  up  numerous  pieces  of  silicified  shell-conglomerate  with  a 
white  and  siliceo-ealcareous  matrix.  From  the  abundance  of  these 
fragments,  and  from  their  angular  aspect,  it  is  evident  that  they 
must  have  been  derived  from  the  immediate  locality,  although  the 
outcrop  and  position  of  the  beds,  with  relation  to  the  older  and 
newer  deposits,  are  entbrely  concealed  beneath  the  drifted  sands  of 
the  desert. 

Mr.  Ainsworth,  who  had  good  opportunities  for  examining  the 
order  of  stratification  of  these  beds,  exposed  in  the  sections  upon  the 
banks  of  the  Euphrates,  divides  this  marine  formation  into  two  parts : 
— ''the  upper  and  more  sandy  beds  were  characterized  by  the  tro- 
choidal  and  buccinoidal  forms  of  turrited  univalves  ;'*  and  the  most 
abundant  shells  m  the  lower  argillaceous  beds  were  a  Fenus^  a  Cyrena, 
a  Mytilaceous  shell,  and  some  turrited  univalves.    {Op,  cit,  p.  1 23.) 

An  examination  of  the  fossib  of  this  marine  deposit  proves,  that  at 
a  comparatively  recent  period  the  littoral  margin  of  the  Persian  Gulf 
extenaed  certamly  250  miles  further  to  the  N.W.  than  the  present 
embouchure  of  the  Shat-el- AhLb — the  combined  stream  of  the  Tigris 
and  Euphrates,  and  150  miles  beyond  the  junction  of  these  two  great 
rivers  at  Koma. 

The  actual  extent  of  this  marine  deposit  to  the  N.W.  it  is  im- 
possible to  define,  as,  from  the  nature  of  its  formation  in  the  shallow 
estuary,  it  probably  passes  upwards  gradually  into  the  more  recent 
fluviatile  beds. 

Mr.  Ainsworth,  in  his '  Researches,'  and  Col.  Bawlinson,  in  a  paper 
read  before  the  Geographical  Society  in  1850,  have  both  shown  the 
rapid  accumulation  of  this  alluvial  deposit,  which  is  represented  to 
increase  a  mile  in  thirty  years  at  the  head  of  the  Persian  Gulf.  It 
is  therefore  needless  here  to  repeat  the  investigation  ;^-especially  as 
I  have  no  new  matter  to  add  upon  the  subject. 

2.  Lacustrine  Depant, — The  only  deposit  <^  this  nature  which  I 
was  so  fortunate  as  to  meet  with  was  in  the  mountains  of  Ltirist^, 
upon  the  elevated  plateau  of  Hassan-i-Gowdar,  between  Khorremdbdd 
and  Bisdttin.  This  plateau  is  surrounded  on  all  sides  by  lofty  peaks, 
and  presents  the  appearance  of  having  been  at  some  time  or  other 
the  basin  of  a  lake.  A  small  stream  on  the  north  side  of  the  plain 
exposed  a  section  1 2  feet  deep,  and  exhibited  a  friable,  loose,  yellowish 
limestone  filled  with  freshwater  shells,  viz. — 

Planorbis ;  allied  to  P.  eomeus. 
Planorbis ;  a  striated  species. 
Planorbis ;  allied  to  P.  marginatum, 
Lymnaeus ;  an  elongated  species. 
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The  entire  absence,  ^th  the  above  exception,  of  Lacnstrine  Depo- 
sits in  the  region  I  am  describing  is  somewhat  remarkable,  when  it  is 
considered  that  such  are  the  most  extensive  and  largely  developed  of  all 
stratified  rocks  throughout  the  adjoining  districts  of  Asia  Minor. 

In  this  place  it  would  be  proper  to  discuss  the  recent  deposits  of 
calcareous  tufa  (see  Part  II.  of  this  Memoir)  ;  but,  as  these  do  not 
appear  in  the  Southern  part  of  the  Frontier,  and  as  they  constitute  a 
very  important  feature  in  the  investigation  of  the  rocks  at  the 
northern  end,  I  omit  the  consideration  of  them  at  present,  and 
proceed  to  the  subject  of  the  gravels  underlying  the  above-described 
fiuviatile  and  manne  alluvia. 

3.  Limestone  Gravel, — In  many  locaUties  (especially  in  the  neigh- 
bourhood of  Dizfdl ;  see  fig.  4,  p.  329)  on  the  outskirts  of  the  great 
chain,  an  enormous  accummation  of  gravel  reposes  nearly  horizontally 
on  the  upturned  edges  of  the  tertiary  strata,  or  dips  at  a  slight  angle 
towards  the  plains  on  the  S.W.,  in  which  direction  it  gradually  thms 
out.  Seen  irom  the  plains  at  sunset,  these  gravel-masses  present 
a  very  peculiar  appearance,  their  surfaces  being  cut  up  and  deeply 
furrowed  by  innumerable  channels,  caused  by  the  heavy  periodiod 
rains.  Towards  the  N.£.  and  £.,  at  their  greatest  elevation,  they 
frequently  terminate  abruptly  in  a  perpendicular  escarpment.  A 
very  remarkable  instance  of  this  occurs  about  twelve  miles  N.E.  of 
DizMl,  where,  after  attaining  the  summit  of  the  range,  the  road  is 
carried  to  the  valley  of  Gil^Siii  by  a  zigzag  path  down  the  face  of  a 
chff,  which,  judging  by  the  eye,  must  be  200  feet  in  height,  and  is 
entirely  composed  of  this  limestone  gravel  ^see  also  fig.  3,  p.  328). 
The  escarpment  bears  12^  S.  of  £.  for  a  distance  of  about  twenty 
miles,  being  only  interrupted  by  the  passage  of  the  River  Diz  and 
the  Ktinak  Stream.  Magnificent  sections  are  obtained  along  the 
course  of  these  streams,  as  well  as  at  the  debouchure  of  the  Biver 
Kerkhah  into  the  plains  of  Ardbistdn.  Masses  of  this  deposit  fre- 
quently stand  isolated  from  the  main  ranee,  and,  being  predpitoos 
on  all  sides,  were  formerly  the  strongholds  of  the  mountain-chie&. 
Tangav^,  at  the  N.W.  extremity  of  the  escarpment  above  alluded  to, 
is  a  conspicuous  and  fine  example  of  an  isolated  gravel-fortress. 

The  town  of  Dizfiil  is  situated  on  the  lef%  baidL  of  the  Biver  Diz, 
which  here  cuts  through  cliffs  of  this  gravel  60  feet  high.  The 
actual  thickness  of  the  deposit  is  certainly  not  less  than  100  feet  in 
this  localitv  (see  fig.  4). 

The  serdaubs,  or  cellars,  in  which  the  natives  pass  the  day  during 
the  scorching  heat  of  summer,  are  excavated  in  it,  and  are  reached 
by  long  flights  of  steps. 

Subterraneous  canals  called  Kondts,  for  irrigation  derived  from 
the  river,  have  been  cut  by  Persian  perseverance  for  miles  through 
the  gravel  at  a  great  depth  below  the  surface.  Their  course  is  trace- 
able by  the  heaps  of  pebbles  thrown  out  at  regular  intervals  through 
wells.  To  one  of  these  Kondts,  li  mile  £.  of  Dizfiil  in  the  direc- 
tion of  the  mountains,  I  descended  by  60  steps  of  13  inches  each ; 
t.  e.  65  feet. 
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The  same  deposit  is  cut  through  by  the  Ab-i-Z^l,  in  its  course  from 
the  higher  ranges  to  its  junction  willi  the  Kerkhah.  The  section  of 
the  cliffs  at  the  ruins  of  the  Sassanian  Bridge  over  the  Z^  shows  a 
perpendicular  height  of  80  feet. 

Not  having  examined  the  west  skirts  of  the  Pushtl  Kdh,  I  am  not 
I  able  to  state  whether  the  gravel  extends  N.W.  of  the  Kerkhah ;  but 

I  from  the  contour  of  the  outer  range  seen  from  a  distance,  it  most 

I  probably  does  so.     Eastward  of  the  Pushtf  Kdh,  however,  it  occurs 

in  the  trough  of  the  Mdh  Sdbidin,  resting,  as  usual,  unconformably 
*  on  the  gravels,  sands,  and  marls  of  the  eypsum-series.  The  road 
along  tmiB  valley  is  exceedingly  painful  ana  oiificult,  as  the  boulders 
are  of  enormous  size  and  obstruct  the  pathway.  They  cease,  how- 
ever, at  the  junction  of  the  Kashgh^n  and  Hiilil4u  streams,  which 
constitute  the  Kerkhah. 

Similar  masses  of  gravel  are  met  with  in  the  plain  of  Hershel,  at 
the  point  where  the  River  Shirw^  emerges  from  the  gorge  of  Semi- 
riun.  They  repose  horizontally  on  the  edges  of  the  gypsiferous  rocks, 
and  abut  against  the  side  of  the  B^md  hmestone-range. 

The  components  of  this  gravel,  wherever  met  with,  are  essentially 
the  same  ;  and  prove  beyond  a  doubt  that  the  deposit  is  everywhere 
due  to  the  same  cause,  whatever  that  may  have  been. 

At  Dizfdl  we  have  the  following  per-centage  of  the  component 
materials: — 

Pebbles  of  Character. 

1 .  Compact,    blue,     crystalline     Generally  oval,  or  with  the  angles 

limestone.  worn  off,  frequently  2  feet  in 

diameter  ;  43  per  cent. 

2.  White  or  cream-coloured  num-      Ditto  ditto,  but  not  quite  so  large ; 

mulitic  limestone.  38  per  cent. 

3.  Breccia  of  small  angular  frag-      Oval,  9  inches  in  length  ;  5  per 
I  ments  of  coloured  cherts  in         cent. 

I  a  matrix  of  hard  sand. 

I  4.  Fine-grained,  friable,  red  sand-  The  largest  1  foot  in  diameter, 

i  .     stone.  cubical  angles  worn  off;  5  per 

cent. 

5.  Red,    dull-green,    and   other  i  inch  in  diameter ;  5  per  cent. 
'                      coloured  cherts. 

6.  Quartzose  yellow  sandstone.  Rounded,  3  inches  in  diameter ; 

4  per  cent. 

7.  White  quartz.  Less  than  1  in.  square ;  4  per  cent. 

North  of  Shuster  I  observed  likewise  a  few  angular  and  rounded 
lumps  of  bitumen ;  but  in  no  instance  was  there  a  fragment  of 
igneous  rock.  Kidney-shaped  calcareous  nodules  frequently  occur, 
having  a  large  central  cavity,  lined  with  small  crystals  of  ciucareous 
spar. 

The  matrix  is  of  two  kinds : — 

1.  Fine  cherty  sand. 

2.  Calcareous  yellow  paste. 
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The  two  yarietieSy  which  are  equally  common,  occur  together. 
The  first  is,  howeTer,  more  frequent  than  the  other  in  the  plains  on 
the  eastern  skirts ;  and  the  latter  in  the  mountains. 

The  pebhles  are  firmly  cemented  together,  and  are  Arequmtly 
covered  with  a  thick  calcareous  enduit. 

The  blue  limestone-boulders  are  sometimes  much  weather-worn ; 
numerous  regularly-formed  channels  radiate  from  a  slightly  project- 
ing centre,  and  give  the  boulders  somewhat  the  appearance  of  the 
radiating  concretionary  nodules  found  in  the  Magnesian  Limestone 
of  Sunderland.  This,  however,  only  occurs  on  the  surface  of  the 
blue  Umestone-pebbles,  and  is  not  observed  on  that  .of  any  other  of 
the  components  of  this  gravel. 

Throughout  the  whole  of  this  vast  accumulation  the  various  pebbles 
are  thrown  together  without  the  slightest  appearance  of  order  or 
stratification.  They  are  nearly,  if  not  all,  derived  from  the  rocks 
composing  the  mountains  immediately  adjacent ;  namely,  the  blue 
limestone  from  the  ambiguous  Lower  Secondary  series ; — the  white 
and  cream-coloured  limestone  and  the  pebble-breccia,  from  the  Num- 
mulitic  formation ; — the  red  sandstones  and  variegated  cherts,  with 
probably  the  quartzose  sandstone  and  white  quartz,  from  the  sands 
and  gravels  of  the  Gypsum-series,  which  this  gravel-conglomerate 
immediately  overlies.  It  is  remarkable  that  the  boulders  derived 
from  the  greatest  distance  are  the  most  common,  while  a  very  small 
per-centage  is  found  of  the  nearer  rocks.  This,  however,  may  be 
accounted  for  by  the  soft  and  friable  nature  of  aU  the  latter,  which 
have  been  ground  down  and  form  the  sandy  matrix. 

No  trace  of  fossils  has  been  met  with  in  the  limestone-grayel, 
excepting  such  few  as  occur  in  the  pebbles  themselves. 

IL  Tertiary  Rocks. 

1 .  Gypsiferous  Series. 

In  this  series  I  include  all  the  stratified  deposits  above  the  Num- 
mulitic  limestone,  to  be  hereafter  described. 

The  series  consists  of  the  following  beds,  in  descending  order  of 
stratification : — 

1 .  Fine  gravel,  passing  into 

2.  Friable,  red,  calcareous  sandstone. 

3.  Variegated  marls,  frequently  saliferous ;  with  vast  deposits  of 

gypsum  and  thin  beds  of  impure  limestone. 

I  have  traced  this  formation  in  a  N.W.  direction,  from  Kazertin  to 
Jezfreh-ibn-Omdr  (lat.  29°  47'  to  30°  00'  N.),  nearly  700  geogra- 
phical miles.  How  much  further  it  extends  in  either  direction  I  am 
unable  to  say  with  certainty,  though  there  is  every  reason  to  believe 
that  towards  the  south-east  it  passes  through  Beldchistan,  and  is  a 
prolongation  of  a  similar  formation  described  by  Captain  Vicary  as 
occurring  in  Scinde. 

Beyond  Jezlreh-ibn-Omdr,  it  follows  the  line  of  the  Taurus,  bearing 
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to  the  S.W.y  and  is  partially  represented  on  the  Euphrates  by  the 
^psiferous  marls,  &c.  described  by  Mr.  Ainsworth  as  extending  from 
B^is^  on  the  N.,  to  Meshid  Sandabiya,  on  the  S.  {Op.  cit,  p^  64-92.) 
The  actual  breadth  of  this  zone  varies  considerably,  and,  in  conse- 
quence of  the  beds  passing  imperceptibly  under  the  alluvium  to  the 
westward,  it  is  very  difficvdt,  as  I  have  previously  remarked,  to  define 
its  limits  in  that  direction  ^p.  249). 

Along  the  northern  portion  of  the  frontier  detached  patches  of  this 
formation  are  freauently  met  with, — in  some  localities  (as  west  of 
Urumia)  forming  distinct  ranges  of  considerable  elevation.  It  may 
probably  be  traced  into  the  Caucasus. 

Considerable  outliers  of  this  formation  extend  in  long  lines  of  sand- 
stone and  gravel  hills  parallel  to,  and  at  a  distance  of  twenty  or  thirty 
miles  from,  the  main  chain. 

Striking  off  from  it  near  Behbeh^n,  in  lat.  30''  14'  N.,  the  Zeitdn 
HiUs  rise  into  bold,  rounded,  and  sometimes  precipitous  cliffs,  through 
which  the  Jerrahi  River  forces  a  passage  into  the  plains  of  Dor&. 
After  continuing  about  fifty  miles,  the  range  sinks  into  the  desert,  and 
is  just  distinguishable  from  the  general  level  by  a  low,  continuous, 
undulating  line  on  the  horizon,  of  thirty  miles  in  extent.  It  again  rises 
into  the  Ahw^  range*  and,  crossing  the  BJver  K^rdn,  constitutes  the 
celebrated  ledge  of  rocks  known  as  the  Bund  (Dam)  of  Ahw^,  of 
which  advantage  has  been  taken  for  the  construction  of  an  artificial 
dam,  by  which  the  water  of  the  river  was  diverted  in  ancient  times 
from  the  original  channel,  for  the  purpose  of  irrigating  the  country 
to  the  east. 

About  midway  between  Ahw^  and  N&r  Hdshem,  on  the  River 
Kerkhah,  the  sandstone-hill  called  Jebel  Mansiir  (Prospect  Hill)  is 
a  very  conspicuous  point. 

On  the  west  bank  of  the  Kerkhah,  the  sandstone-range  again 
appears,  running  in  the  same  ^neral  direction,  a  few  miles  north  of 
Hawiz^  when  it  a^ain  sinks  into  low  undulations  which  cross  the 
Diiwdrij  and  Tib  Rivers  and  joins  the  main  chain  west  of  Deh  Lilrin. 
About  100  miles  still  further  northward,  the  outlier  again  strikes  off 
at  Ktih-i-Mdnisht,  passes  to  the  east  of  MenddlK,  and  rises  into  the 
high  range  known  as  the  Hamrine,  or  Red  Hills  (from  the  colour 
of  the  sandstone).  See  figs.  1  &  2.  These  cross  the  Diyala  River 
(called  Shirwdn  durine  its  course  through  the  mountains)  between 
the  villages  of  Kh^nikin  and  Shehrebdn, — form  the  Bund  across  the 
Athem  River, — cross  the  Tigris  in  lat.  35°  06',  just  below  the  junc- 
tion of  the  Little  Zab, — ^and  are  lost  to  my  knowledge  in  the  deserts 
S.W.  of  the  ruins  of  Al  H^hr. 

I  have  been  somewhat  diffuse  in  tracing  the  geographical  extent 
of  these  outlying  ranges,  because  some  doubts  have  been  expressed 
as  to  whether  they  are  composed  of  rocks  belonging  to  the  same 
geological  age. 

From  actual  observation  of  ail,  except  the  Zeitdn  Hills  (of  which 
however  there  can  be  no  question),  I  can  certify  that  they  are  com- 
posed of  the  two  upper  divisions  of  the  g3rpsum-series,  namely,  fine 
gravel,  and  friable,  red,  calcareous  sandstone ;  and  that  the  persistent 
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cluuBcterof  the  beds  oontmiiesthroiigfaaiattlieidiole  of  this  extended 
line  g(  500  miles. 

Bat  these  oathers  do  not  indicate  the  extreme  western  fimit  of  the 
gjrpsum-fonnation ;  for  I  am  oonTinoed  that,  after  forming  a  trangfa 
under  the  alluvial  basin  of  the  Tigris  and  Euphrates,  throu^  which 
it  occasionally  appears  as  islands  in  a  shaUow,  the  same  aeries  is  con- 
tmued  into  the  deserts  of  the  Aneiza  Bedouins ;  and  it  is  probably 
again  represented  in  Syria. 

At  Meshed  AH,  the  sacred  shrine  of  the  Sheah  Mahomedans,  the 
banks  of  the  Bdhr-i-Nedjef  and  the  cutting  of  a  new  canal  expose  a 
section  of  about  50  feet  through  horizontal  beds  of — 

L  \err  fine  white  quartz-gravel,  imbedded  in  friable,  reddish, 

calcareous  marl ;  12  feet. 
2.  Similar  quartz-gravel,  in  friable  calcareous  earth ;  40  feet. 

Midway  between  Musseib  on  the  Euphrates  and  Kerbella  is  a  slight 
rise  in  the  surface  of  the  ground,  and  which,  from  its  whiteness, 
attracts  attention.  It  is  a  bed  of  loosely  cemented  fine  gravel,  resting 
on  amorphous  gypsum,  and  contains  crystals  of  selenite.  The  road 
passes  for  half  a  mile  over  the  south-eastern  extremity  of  the  bed, 
which  extends  in  a  low  undulation  towards  the  N.W.,  and  is  lost  on 
the  horizon. 

The  components  of  this  gravel  are  precisely  similar  to  that  at 
Iskenderia  Khan  (alluded  to  below),  between  B^hd^  and  Baby- 
lon, where  g3rpsum  again  appears,  and  causes  a  remarkable  ridge 
on  the  otherwise  level  desert.  It  is  first  met  with  half  a  mile  to  the 
north  of  the  Khdn,  and  runs  in  a  general  direction  N.N.W.  by  S.S.E. 
To  the  south  of  the  Kh^  it  is  one  mile  broad.  It  sinks  into  the 
alluvial  plain  on  both  sides,  but  reappears  near  Mizerakjl  Khim,  on 
the  west  about  two  miles,  whence  another  ridge  trends  away  to  the 
N.N.W.  The  gypsum  protrudes  in  small  masses,  exhibiting  no 
regular  stratification,  but  appears  contorted  and  irregular ;  in  some 
places  it  is  hard,  compact,  and  disposed  almost  in  the  form  of  septaria,' 
or  with  a  resemblance  to  a  tessellated  pavement.  In  both  varieties 
small  pebbles  are  observed,  which  do  not,  however,  exceed  a  quarter 
of  an  mch  in  diameter,  if  even  so  much. 

Mr.  Ainsworth  casually  mentions  the  pebble-beds  of  Iskenderfa ; 
but  he  appears  to  have  overlooked  the  gypseous  deposit,  which  is 
here  quarried  to  the  depth  of  3  or  4  feet,  burned,  and  conveyed  to 
B^ha^  where  it  is  used  in  the  internal  decoration  of  houses. 

The  pebbles  associated  with  this  gypsum  deposit  are : — 

1.  White,  reddish,  yellowish,  and  milk-white  quartz. 

2.  Siliceous  stone,  of  pinkish  quartz  with  white  grains  of  imbedded 

quartz  (one  specimen). 

3.  Flint,  with  white  and  reddish-white  coating. 

4.  Homstone,  approaching  agate. 

5.  Semi-transparent  agates  (a  few). 

6.  Cherts  of  various  colours,  from  grey  to  almost  black. 

7.  Light-green  chert,  approaching  jade. 
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8.  Brown  indurated  clays,  passing  into  jasper. 

9.  Jasper,  chiefly  red,  and  brown-veined. 

10.  Waxy  indurated  limestone,  whiti^,  green,  grey,  blue-black, 

and  black ;  some  yarieties  approachmg  marble. 

11.  Brownish  and  pinkish  quartzite-sandstone. 

1 2.  Flinty  slate,  from  grey  to  black. 

13.  Shining  black  flinty  slate,  with  semi-conchoidal  fracture. 

14.  Highly  indurated  serpentine,  almost  flinty  (rare). 

15.  Granite,  of  fine-grained  variety;  greenish-grey  colour;  con- 

sisting of  quartz,  dark  mica,  and  a  very  httle  greenish  feld- 
spar (very  rare). 

16.  Fragments  of  angular  gypsum ;  evidently  not  transported  from 

a  great  distance. 

17.  Pebbles  of  bitumen,  slightly  rolled. 

With  the  exception  of  the  last  two,  all  the  other  ingredients  of  this 
gravel  are  much  rolled  and  round^;  and  generally  they  do  not 
exceed  an  inch  in  diameter. 

At  Akker-Koof,  twelve  miles  N.W.  of  Bjghd^,  the  ruins  stand 
upon  a  sHght  elevation  of  gravel,  consisting  of  the  same  pebbles  as 
at  Iskenderia,  excepting  those  mentioned  in  the  tist  as  rare. 

In  addition  I  collected  there  the  following — 

Flat  pebble,  with  its  exterior  weather-worn ;  interior  showing 
hornblende  and  feldspar  of  bottle-green  colour  (rare). 

Pinkish  granite,  composed  of  quartz,  ^Idspar,  and  oxide  of  iron 
(rare). 

Porphyry?  (one). 

Light-brown  compact  limestone,  with  veins  of  serpentine. 

Limestone,  of  a  brown  matrix  with  small  Nummuhtes  imbedded 
(rare). 

CoraUine  limestone  (rare). 

Rolled  bitumen ;  and  doubtfiil  fragment  of  bone. 

Many  quartz,  jasper,  chert,  and  limestone  pebbles,  flattened, — ^so 
as  to  be  easily  mistsJcen  at  first  sight  for  coins. 

The  following  is  a  rough  per-centage  of  the  pebbles  found  at  Isken- 
deria and  Akker-Koof: — 

per  cent. 

Quartz 30 

Chert,  flint,  and  jasper    40 

Limestone,  sandstone,  flinty  slate,  serpentine,  porphyry  ?,  1  „^ 
granite,  and  nummulitic  and  coralline  limestones. , . . . .  j 

At  Zobeir,  near  Busrah,  the  calcareous  sands  and  superimposed 
gravels  are  largely  developed,  and  may  be  traced  northwards  at  inter- 
vals across  the  desert  to  near  Siik-el-Sheiioukh,  on  the  Euphrates. 
In  some  localities  the  gravel  is  wholly  composed  of  white  quartz,  and 
at  others  of  coloured  cherts. 

Wherever  wells  exist  in  these  deserts,  the  water  is  invariably  bitter 
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and  brackish,  and  in  this  respect  resembles  all  streams  flowing  among 
gjpsttm-deposits. 

From  the  above  facts  it  may  be  presumed,  although  positive 
sections  are  wanting,  that  the  gypsum  formation  passes  beneath  the 
basin  of  the  Tigris  and  Euphrates, — that  it  rises  to  the  surface,  in 
low  rounded  patches  or  elongated  ridges,  at  certain  localities  between 
those  rivers, — and  that  it  reappears  in  the  deserts  to  the  west  of  the 
Euphrates. 

The  difficulty  of  obtaining  sections  in  the  deserts  is  unfortunate, 
because  I  am  unable  to  state  with  certainty  the  exact  position  of  the 
gravels,  sands,  and  gypsum-beds  of  the  above  localities  with  respect 
to  the  well-defined  sections  on  the  verge  of  the  mountains. 

It  is  worthy  of  remark,  that  I  have  nowhere  but  in  the  plains  of 
the  great  rivers  observed  gypsum  immediately  overlaid  by  cjuartz- 
and  chert-gravel.  It  is  therefore  possible  that  these  deposits  are 
subsequent  to  the  sands  and  gravels  of  the  Hamrine  Hills  and  the 
gypsum-beds  further  to  the  east. 

Section  (fig.  2)  from  BAghd^id  to  ZoMb, — In  passing  from  Bdghd^ 
along  the  great  caravan-road  mto  Persia,  by  way  of  Khanikin 
and  K^ri  Shirin  (see  fig.  2),  we  have  a  constant  appearance  of 
cherty  and  quartzose  gravel-beds  of  the  same  character  as  those  at 
Iskenderfa. 

From  Baghd^  to  Shehrebin  (48  miles)  is  a  perfectly  level  desert ; 
bat  between  the  latter  place  and  Kisil  Robdt  the  road  crosses  the 
low  range  of  the  Hamrfne  Hills.  These  consist  of  reddish,  yellow, 
coarse,  calcareous  sandstones  and  loose  gravels,  alternating  with  red 
sandy  marls ;  the  whole  series  has  a  gentle  dip  to  the  N.E.,  and  is 
covered  by  the  gravel  detached  from  its  original  bed. 

Between  Kisil  Robat  and  Khdnikin  there  intervenes  a  still  higher 
range  of  precisely  similar  composition,  the  beds  of  which  have  the 
same  dip  towards  the  N.E. 

The  elevation  of  these  ranges  appears  to  be  due  to  lateral  pres- 
sure ;  and  faults  no  doubt  exist  beneath  the  alluvial  sandy  plains  of 
Kisil  Rob^t  and  Kh^ikin,  whereby  the  continuity  of  the  beds  is 
broken. 

These  reappear  to  the  N.E.  of  Khinikin,  and  run  without  inter- 
mission to  Kdsr-i-Shirin  (fig.  2).  The  peculiar  character  of  the 
sandstone-portion  of  the  gypsum-series  now  begins  to  show  itself. 
It  consists  of  low  tabular  hUls,  when  the  stratification  is  nearly  hori- 
zontal ;  the  red  chert-gravel  towards  the  S.W.  forming  cappings,  but 
alternating  with  a  succession  of  friable  red  sandstones  and  marls. 
Proceeding  eastward,  the  marls  predominate  over  the  sandstones ; 
and  the  beds,  which  previously  appear  dipping  one  way  and  then 
another,  take  a  S.W.  direction  on  approaching  Kasr-I-Shirin,  and 
present  a  succession  of  little  escarpments  towards  the  village.  At 
this  place  the  sandstones  and  underlying  marls  rest  conformably,  at 
an  angle  of  about  15^,  on  the  high  ridges  of  pure  gypsum  which  ter- 
minate the  N.W.  extremity  of  the  limestone-range  of  hills  called 
Sumbtilah. 
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•  This  range  is  the  first  appearance  of  the  great  h'mestone  which 
<sonBtitutes  the  main  feature  of  the  Zagros,  and  here  protrudes 
through  the  newer  gypsum-deposits. 

Between  the  village  and  ruins  of  Kdsr-(-Sh(rln  the  gypsum  curves 
over  in  a  low  ridge,  and  is  again  overlaid  by  the  marls  and  sand- 
Stones  which  fill  up  the  valley  of  Goura-tii,  dipping  to  the  N.E., 
and  terminates  in  the  range  called  Kdrdyez.  Nothing  can  exceed 
the  barrenness  of  this  vaDey,  except  where  a  small  tributary  of  the 
Di^dla  flows  through  a  thick  growth  of  reeds.  Seen  from  any  high 
pomt  in  the  neighbourhood,  this  part  of  the  disputed  province  of 
Zoh£b  presents  an  extraordinary  scene.  On  all  sides,  up  to  the  base 
of  the  great  limestone-chain  of  Bamd  on  the  north,  and  extending 
to  the  N.W.  and  S.E.  until  lost  in  the  distance,  is  a  vast  sea  of  un- 
profitable sandstone-ridges,  which  can  of  themselves  be  of  no  value 
to  either  the  Turkish  or  Persian  Government.  Excepting  the  small 
stream  above-mentioned,  there  is  no  water  to  be  procured,  while  the 
succession  of  zigzags  formed  by  the  outcrop  of  the  beds  renders  tra- 
veUing  b^  no  means  agreeable. 

Such  IS  the  character  of  the  upper  and  middle  portions  of  the 
gypsum-series  here ;  and,  I  may  say,  their  aspect  is  alike  wherever 
they  are  met  with  on  the  western  flanks  of  the  mountains.  I  have 
crossed  them  in  various  directions,  far  apart  from  each  other,  and 
have  found  the  same  invariable  succession  of  strata, — scarcity  of  water, 
and  that  bitter  and  brackish, — sterility, — succession  of  zigzag  ridges 
and  short  escarpments, — and  the  hke  disposition  to  produce  fever  and 
ague.  And  yet,  with  aU  these  disadvantages,  these  sandstone-ridges 
were,  in  the  days  of  the  Sassanian  monarchs,  the  favourite  abodes 
of  the  Persians,  whose  ruined  dwellings  are  continually  to  be  met 
with.  Within  the  greater  ranges,  however,  these  remarks  do  not 
always  apply. 

In  the  direction  of  Zohab,  the  series  of  gypsiferous  deposits  dis- 
!  appear  near  the  naphtha-springs  of  H^mdm  Ali  and  at  the  range 

caUed  Rdrdyez,  in  whose  clifls,  facing  the  S.W.,  the  sandstones  and 
i  marls  are  capped  by  a  thick  bed  of  cherty  and  quartzose  gravel. 

I  A  great  fault  to  the  east  of  this  range  throws  up  the  cretaceous 

I  rocka  to  the  eastward  of  Zohdb,  and  at  the  same  time  elevates  the 

nummuUtic  limestone  trough  of  the  Ban-i-Zardah,  behind  the  town, 
to  the  height  of  2000  feet  (fig.  2).     In  this  trough,  isolated  at  so 
I  great  a  height  above  the  corresponding  beds  of  the  same  age,  rest 

'  sandstones,  variegated  marls,  and  gypsum ;  the  successive  layers  of 

which  crop  out  within  the  basin,  and,  curving  upwards,  rest  con- 
formably upon  the  almost  vertical  limestone  which  forms  a  series  of 
high  serrated  peaks,  facing  the  Kiih-f-D^ahii  on  the  north-east. 

The  same  order  of  superposition  is  here  observed  as  elsewhere  on 
the  western  skirts  of  the  Z%ros :  the  sandstones  overlie  the  marls ; 
the  latter  in  their  lower  part  being  associated  with  gypsum.  These 
beds  are  not  again  met  with  east  of  Ddldhd. 

Section  from  DizfU  to  the  Valley  of  GiUlAM. — Sections  near 
Dizfdl  (figs.  3  &  4)  exhibit  the  gypsum-series  in  less  broken  succes- 
sion than  it  occurs  further  to  the  north-west. 

t2 
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The  valley  of  Gil^QiQid  presents  a  highly  instnictiye  secticm  (fig.  3). 
It  is  a  denuded  valley  of  elevation  in  the  sandstone-series,  having  a 
central  axis  parallel  to  the  main  range, — namely  N.W.  and  S.E. 

On  descending  from  the  gravel  cliffs  which  1  have  prcvioosly 
described  as  intervening  between  Dizfiil  and  this  valley,  the  axis  of 
sandstone  is  seen  in  the  form  of  an  elongated  saddle,  extending  in  a 
straight  line  down  the  valley  for  many  miles  to  the  south-east.  This 
axis  is  flanked  on  either  side  by  regular  parallel  ridges  of  similar 
sandstone,  which  slope  outwards,  having  abrupt  and  broken  escarp- 
ments facing  towards  the  axis.  The  extreme  regularity  of  these 
ridges  gives  the  valley  the  appearance  of  a  well-ploughed  field  on  a 
gigantic  scale.  The  dip  near  the  axis  is  at  an  angle  of  about  25% 
but  this  angle  increases  towards  the  sides  of  the  valley,  and  on  the 
S.W.  the  strata  at  length  become  almost  vertical ;  and  their  denuded 
edges  are  covered  unconformably  by  horizontal  limestone-gravel  (see 
fig.  3).  Several  patches  of  gravel  rest  on  the  summit  of  the  central 
axis  in  tabular  masses ;  but  I  had  no  opportunity  of  ascertaining 
whether  they  belong  to  the  limestone-conglomerate  described  at 
p.  253,  or  whether  they  are  merely  denuded  portions  of  a  bed  inter- 
calated between  the  layers  of  sandstone. 

Beds  of  fine  gravel  frequently  alternate  with  the  sandstones  here 
as  well  as  in  the  Hamrines  and  at  Kdsr-i-Shirin.  In  descending,  the 
gravels  give  place  to  variegated  marls  with  crystals  of  selenite.  The 
sandstone  is  of  the  usual  type ;  very  friable,  calcareous,  and  reddish 
from  the  abundance  of  fragments  of  red  chert.  The  surface  of  the 
beds  is  generally  smooth  ;  but  it  frequently  resembles  a  pavement  of 
uniform  diamond-shaped  blocks,  separated  from  each  otner  by  deep 
cracks.  This  appearance  is  probably  due  to  rupture  during  ele- 
vation ;  the  fissures  being  subsequently  filled  up  with  a  calcareous 
deposit. 

A  small  stream  flows  across  the  valley,  cutting  its  way  through 
the  ridges.  When  it  comes  in  contact  with  the  smooth  surfaces  of 
the  beds,  a  thick  incrustation  of  chloride  of  sodium  above  the  level 
of  the  water-line  is  the  result.  As  the  water  is  not  yet  become  salt, 
the  mineral  must  exist  in  the  rock  itself. 

The  Oleander  and  the  Tamarisk  are  the  usual  shrubs  which  grow 
along  the  banks  of  tlus  and  other  streams  flowing  through  the  sand- 
stone rocks. 

I  did  not  cross  the  valley  sufliciently  far  to  the  N.E.  to  be  able  to 
state  whether  any  deposits  of  ^rpsum  are  there  to  be  met  with. 

Section  at  Shister. — At  Shiister  are  exhibited  some  very  fine  sec- 
tions of  the  gravel  and  sandstone  beds.  The  A'b-i-6drgir  division  of 
the  Kardn  River,  after  passing  the  Btind-(-Kais£r,  enters  a  channel 
between  cliffs  of  these  rocks,  70  feet  in  height.  The  stratification  is 
horizontal,  and  in  the  lower  part  consists  entirely  of  fine  yellowish- 
red  sandstone.  In  ascending,  however,  the  laminae  become  coarser, 
much  disturbed,  and  mixed  with  gravel ;  while  still  higher  up  the 
pebbles  are  larger  and  more  common,  until  at  the  surface  they  cover 
the  cliffs.  Frequent  and  very  violent  currents  must  have  been  in 
action  during  the  deposition  of  the  whole  upper  part  of  the  gypsum- 
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series.  Upon  the  right  bank  of  the  Shtait  the  pebbles  are  large,  and 
are  cemented  in  a  calcareous  paste,  with  large  boulders  of  the  lime- 
stone-conglomerate of  Dizfdl.  Serdaubs  or  cellars,  probably  of  great 
antiquity,  are  here  excavated  in  the  sands  and'conglomerate-rock  ;  and 
in  the  bed  of  the  stream  are  huge  masses  of  the  latter,  which,  from 
being  undermined,  have  fallen  from  their  position.  The  serdaubs  in  the 
toiwn  are  excavated  deep  in  the  sandstone ;  and  some  little  attention  is 
paid  to  architectural  embellishments,  such  as  columns  and  pilasters. 

The  finer  sandstone  is  here  generally  used  for  building-purposes ; 
but  when  exposed  to  the  atmosphere  it  peels  off  in  flakes  or  rapidly 
disintegrates.  This  character  pervades  the  whole  of  the  gypsum- 
sandstones. 

Section  (fig.  4)  /rom  Dizf&l  to  Khorremdbdd. — ^The  road  between 
Dizfdl  and  Khorremdb^  passes  only  a  few  miles  to  the  N.W.  of  the 
section  last  described  at  Gilaldhd;  and  here  we  have  presented  a  similar 
order  of  stratification.  The  saddle-axis  has,  however,  sunk  down  ; 
^e  beds  dip  somewhat  more  irregularly,  and  are  contorted ;  which 
appears  to  be  6wing  to  several  undulations  or  folds,  still  bearing  in  the 
same  N.W.  direction,  but  having  the  general  dip  towards  the  S.W. 

From  DizMl  to  the  B^idrdd  Biver,  a  distance  of  fourteen  miles, 
the  road  rises  over  a  sand-  and  gravel-plain,  without  any  particular 
order  of  stratification  being  visible.  At  the  point  where  the  river  is 
crossed,  near  a  ruined  bridge,  the  banks  are  150  feet  high  and  afford 
the  following  section : — 

1 .  Coarse  gravel-conglomerate,  with  large  boulders  of  nummulitic 

Umestone. 

2.  Fine  gravel,  and  reddish  calcareous  sandstone,  passing  into 

3.  Fine  eravel  (chert,  quartz,  &c.). 

4.  Thin  layers  of  red  calcareous  marl. 

5.  Red  sandstone  (the  same  as  No.  2). 

A  large  block,  of  the  sandstone  No.  5,  had,  from  being  undermined 
by  the  river,  fallen  a  few  feet  from  its  position.  The  upper  surface 
was  thus  exposed,  and  exhibited  distinct  ripple-marks.  Upon  the 
Qnder-sorface  of  the  overl}'ing  marl,  which  remained  in  situ,  were 
the  corresponding  impressions,  strongly  marked. 

From  the  same  cliff,  and  from  the  bed  of  sandstone  No.  2,  I  ob- 
tained rehef-casts  of  impressions  made  by  rain-drops,  which  had 
Men  on  the  red  day :  pieces  of  clay  adhered  to  the  casts. 

Between  the  Bdlddnia  River  and  the  Bedderhd  Stream  are  gravels, 
sands,  and  variegated  marls,  arranged  in  the  usual  order.  On  the 
S.W.  the  gravels  predominate  in  extensive  beds ; — proceeding  N.E., 
these  alternate  with  calcareous  red  sandstones,  but  at  length  give 
place  to  considerable  deposits  of  red  and  vandyke-coloured  marls, 
though  they  still  occur  in  connection  with  the  sandstones  intercalated 
between  the  marls,  but  without  any  trace  of  gypsum.  At  Hous- 
sem^,  where  the  sandstones  are  of  great  thickness,  I  procured 
natural  casts  of  footprints,  which  belong  to  some  animal  of  the 
felbe  order*. 

*  See  Note  A,  at  the  end  of  this  paper,  p.  325. 
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One  of  these  footprints  is  remarkably  distinct  (and  is  now  in  the 
British  Museum).  The  pads  of  the  foot  and  of  the  four  toes,  as  well 
as  of  the  claws,  are  well  deyeloped.  On  comparing  it  with  the  right 
fore-foot  of  a  fuU-grown  Chetah  {Felis  jubata,  Schr.),  in  the  pos- 
session of  Col.  TcherikofF,  the  Russian  Commissioner,  I  found  a  per- 
fect resemblance  in  size,  namely  4^  inches  long,  by  3^  inches  wide. 
In  form,  however,  there  is  a  dught  difference  ;  the  pads  of  the  toes 
in  the  cast  are  somewhat  more  elongated.  Adhering  to  the  hollows 
are  pieces  of  red  clay.  About  an  inch  behind  the  first  cast,  is  another, 
probably  of  the  hind-foot,  but  not  very  distinct.  On  the  same  slab 
are  traces  of  Fucoids. 

Other  indistinct  and  irregular  marks  are  sometimes  seen  on  sand- 
stones of  this  formation,  but  this  is  the  only  instance  in  which  I 
have  observed  any  indications  of  the  existence  of  animal  life  so  high 
up  in  the  gypsum-series. 

The  lithological  structure  of  the  rocks,  and  the  foot-prints  which 
occur  in  them,  appear  to  indicate  some  connection  with  the  conglo- 
merate-sandstones and  bone-beds  of  Scinde  and  the  Himalaya.  T^ey 
all  occupy  a  similar  position  with  regard  to  the  underlying  Nummu- 
htic  rocks,  and  show  that  they  have  been  deposited  under  similar 
conditions, — namely,  on  the  shore  of  a  shallow  estuary,  frequented 
by  land  and  fluviatile  animals. 

If  it  be  possible  to  found  an  argument  from  the  presence  of  but 
one  fossO,  we  might  remark  that  a  similar  generic  distribution  of 
animals  seems  to  have  prevailed  formerly  as  now  in  the  respective 
regions  in  which  they  occur.  Thus,  while  on  the  flanks  of  the 
Himalaya  the  large  elephantine  groups  abounded  and  still  abound, 
and  in  Scinde  the  crocodile  contmues  to  appear  as  the  characteristic 
animal, — so  in  Ldristdn,  where  those  genera  are  entirely  absent  at 
the  present  day,  the  feline  tribes  occupy  their  place,  and  (as  far  as 
our  evidence  goes)  are  alone  represented  in  the  fossil  state. 

The  Bedderhii  Stream  affording  more  moisture  than  is  usually  to 
be  found  in  this  inhospitable  sandstone-r^on,  the  Ltks  have  sedu- 
lously availed  themselves  of  every  level  plot  of  ground  for  cultivation, 
and  many  are  the  httle  oases  seen  among  these  otherwise  desert 
sandstone-ridges. 

On  quitting  the  Bedderhii  Strfsam  for  K^dh  i  Riza,  the  road 
follows  along  the  strike  of  th6  beds  at  that  portion  of  the  series 
where  the  variegated  marls  are  evidently  preponderating  over  the 
sandstones,  and  dipping  as  usual  to  the  S.E.  About  ten  miles  to 
the  east  of  the  road,  a  few  thin  and  unimportant  beds  of  gypsum 
crop  out  from  under  the  marls,  and  rest  against  the  slope  of  the 
limestone- chain  of  Tiikom^i,  being  now  and  then  covered  by  nearly 
horizontal  deposits  of  limestone-gravel  and  -breccia  in  a  reddish- 
yellow,  pasty  matrix. 

All  the  beds  are  conformable  to  each  other ;  but,  while  the  sand- 
stones west  of  the  Bedderhii  dip  to  the  S.W.  at  an  angle  of  15^  or 
20^,  the  gypsum  slopes  off  from  the  great  range  at  an  angle  of  50"^ 
or  60°.  Kiihi  Tiikomdni  is  the  first  appearance  of  the  NummuUtic 
limestone  N.E.  of  Dizfiil. 
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From  the  Bedderhti  to  K&lih  I  Klza  (about  five  miles)  the  same 
series  of  sandstones  and  marls  is  continued;  but  from  the  latter 
place  an  alluvial  plain  of  five  miles  is  passed  over  to  the  A'b  i  Zfi. 
This  plain  is  covered  over  with  enormous  limestone-boulders  and 
gravel-conglomerate,  generally  concealing  the  underlying  strata ;  but 
the  outcrop  of  the  gypsum  may  still  be  observed,  resting  against  the 
slope  of  tne  range.  I  examined  the  junction  of  these  rocks  with 
great  care,  and  there  can  be  no  doubt  of  the  perfect  conformability 
of  the  gypsum  to  the  limestone.  The  beds  of  the  former  here  retain 
the  same  earthy  and  cavernous  structure  throughout  their  total 
thickness,  without  any  alteration  in  appearance. 

Proceeding  N.W.  from  the  A'b  i  Zdl,  we  enter  the  trough  formed 
by  the  limestone^saddle  of  the  Keblr  Ktih,  on  the  S.W.,  and  of  the 
Ke^dn  Range,  on  the  N.£.  At  first,  the  rocks  of  the  gypsum- 
series,  overlaid  by  limestone-conglomerate  and  -boulders,  occupy  the 
whole  breadth  of  the  trough  (about  eight  miles  across)  ;  and  euiibit 
powerful  beds  of  compact,  massive,  calcareous  gypsum,  of  dirty- 
white  or  grey  colour,  traversed  by  blue  veins  or  markings. 

A  variety,  quite  white,  earthy,  containing  crystals  of  selenite,  very 
cavernous  and  friable,  is  observable  where  the  beds  are  much  con- 
torted ;  which  is  often  the  case  in  this  lowest  portion  of  the  series, 
when  crushed  tc^ther  in  a  trough.  These  beds  of  gypsum  may  be 
followed  with  the  eye  for  an  immense  distance,  as  they  strike  out  in 
long  lines,  or  form  conspicuous  patches  parallel  to,  and  extending 
along,  the  base  of  the  limestone-ranges. 

At  Pdl  i  T^bg,  ten  miles  above  the  A'b  i  Z£L,  the  underlving  lime- 
stone protrudes  through  the  ffypsum-rocks,  dividing  the  deposits  in 
the  trough  into  two  parts,  and  throwing  them  up  with  much  contor- 
tion against  the  skirts  of  the  ranges  which  bound  the  valley.  The 
two  kmds  of  gypsum  associated  with  variegated  marls  are  thus 
largely  developeid  at  Bagh  i  Kh^,  on  the  western  base  of  the 
pass  over  Ktih  f  Kedldn,  the  colours  of  the  latter,  red,  blue,  and 
green,  almost  rivaling  the  brightness  of  our  own  beautiful  section  at 
Alom  Bay.  After  descending  from  the  Kealdn  Mountain,  the  road 
for  fifteen  miles  crosses  an  extensive  tract,  known  par  excellence  as 
the  ChiU,  or  Desert, — a  succession  of  very  much  contorted  sands, 
vari^ated  marls,  and  gypsum ;  the  coloured  marls  occupying  the 
north  side  of  the  undnlatmg  plain.  The  scene  is  barren  m  the  ex- 
treme at  the  end  of  September,  and  possesses  neither  habitations, 
trees,  nor  streams  of  water.  In  spring,  however,  this  ChiU  must  be 
very  beautiful.  It  is  then  frequented  by  numerous  tribes  of  the  Ltira 
on  account  of  the  rich  herbage  which  everywhere  abounds  ;  but  the 
scorching  heat  of  the  summer  soon  converts  its  bright  green  sward 
into  a  glaring  yellow  grass-stubble,  covering  the  hills  ana  concealing 
the  stratification.  A  few  well-built  tombs  are  the  only  signs  that 
man  ever  dwells  here;  and  these,  coated  with  pure  white  plaster 
derived  from  the  gypsum,  are  excellent  land-marks  for  the  lost 
traveller. 

To  the  Chiil  succeeds  a  wide  valley  of  elevation,  bounded  on  the 


Digitized  by 


Google 


264  PROCEBDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

south  by  the  range  of  T^  I  Khdshow,  and  on  the  north  by  that  of 
Deh  i  Liz.  These  ranges  are  composed  of  the  Nummnlitic  formar 
Uon ;  but  the  centre  of  the  Talley  shows  a  thick  series  of  bituminous 
blue  shales  (fig.  4,  4  <i),  dipping  conformably  under  the  limestones, 
and  probably  of  the  age  of  the  Chalk. 

The  descent  from  Deh  (  Liz  is  covered  by  a  thick  oak-forest, 
growing  upon  limestone-debris,  which  entirely  conceals  the  stratifica- 
tion to  the  north  of  the  Pass ;  but,  soon  after  leaving  the  plain  of 
Jeudiki,  the  marls  and  g3rp8um  with  soft  sands  appear,  dipping  at  an 
angle  of  30^  towards  the  chain  of  Deh  i  Liz.  Some  of  these  beds 
afterwards  attain  a  great  development,  and  rising  into  considerable 
mountains  studded  with  oak,  are  traversed  by  several  large  streams, 
which  form  magnificent  gorges,  and  are  bounded  by  high  perpendi- 
cular cliffs  of  blue  and  red  marl,  and  red  sand-rocks,  in  which  gypsum 
does  not  appear. 

This  order  prevails  until  the  limestone  is  again  thrust  up  at  Tang 
1  Chemish,  with  a  dip  of  about  45^  to  the  S.W. 

North  of  this  cham,  the  strata  are  concealed  by  debns,  as  in  the 
same  position  at  Deh  i  Liz.  As  soon,  however,  as  this  debris  ceases, 
contorted  beds  of  sands,  marls,  and  gypsum,  the  last  being  less 
abundant,  occupy  the  trough  between  Tang  i  Chemish  and  Kdh  i 
D^lddwa,  a  distance  of  about  three  miles.  The  limestone  then  rises 
in  high  undulations,  which,  forming  the  Kdh  i  Bebbe,  finally  slope 
down  at  Tang  i  Sibbiir  into  the  alluvial  plain  of  Khorrem^b^.  The 
last  appearance  of  the  gypsiferous  series  to  the  N.£.  in  this  part  of 
the  Zagros  is  on  the  southern  base  of  the  cretaceous  limestone-range 
of  Ymah  Ktih,  which  thrusts  up  the  red  sands  and  marls  at  an  angle 
of  35^  towards  the  south. 

It  would  be  useless  to  enumerate  the  various  sections  in  which  the 
rocks  composing  the  gypsum-series  present  the  same  order  of  suc- 
cession, it  is  sufficient  to  have  shown  that  such  order  is  universally 
preserved.  To  trace  the  numerous  beds  throughout  their  whole 
extent,  would  be  a  work  extremely  minute  in  detail,  which  would 
require  much  time  and  labour  without  affording  (that  I  can  see) 
adequate  remuneration.  The  absence  of  nearly  all  trace  of  organic 
Ufe  would  render  such  an  investigation  in  all  respects  unsatisfactory ; 
and,  moreover,  the  numerous  layers  of  the  sandstones,  marls,  or 
^psums  so  exactlv  resemble  each  other,  as  to  render  the  discrimina* 
tion  of  an^  one  of  them  a  matter  of  great  difficulty,  if  not  of  utter 
impossibility.  It  is  true  that  in  some  localities  among  the  marls  are 
a  few  bands  of  impure  limestone  containing  an  assemblage  of  crushed 
shells,  which  are  probably  large  Cycladea  or  Cyrenm ;  but,  as  the 
characteristic  features  are  in  all  cases  destroyed,  they  would  afford 
little  or  no  assistance. 

.  The  total  thickness  of  these  deposits  must  be  very  great,  certainly 
not  less  than  2000  feet;  but,  never  having  seen  a  perpendicular 
section  through  them,  I  can  only  give  this  as  a  somewhat  rough, 
approximation. 
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The  greatest  hdghts  at  which  these  deposits  have  been  obserred 
are  near  Hindi  Maynf,  in  the  trough  of  the  Kerkhah  about  lat.  33° 
l(y  "S.,  and  at  Kinind.  «« 

Section  (fig.  5)  in  the  Valley  of  the  Kerkhah. — In  this  locality, 
at  an  altitude  of  about  6000  feet  above  the  sea,  a  section  across 
the  trough  exhibit*  a  somewhat  uncommon  elevation  of  the  gypsum- 
rocks. 

The  limestone-range  on  the  north-eastern  side  of  the  valley  is 
formed  of  two  folds,  Ktih  i  Vayzdniyah  and  Kdh  i  Btin^r,  which  in 
thdr  elevation  have  detached  a  considerable  patch  of  the  deposits 
from  their  solid  mass  in  the  valley  below.  This  patch  is  much  con<» 
torted,  spreads  over  the  summit  of  the  Kdh  i  Biinar  (the  smaller 
range),  and  hangs  dipping  over  the  slope  towards  the  valley,  exposing 
to  view  only  a  small  surface  of  the  curved  limestone  of  the  mountain. 
The  corresponding  beds  in  the  valley  take  the  same  dip,  pass  under 
the  alluvial  plain  of  the  Kerkhah,  and  again  appear  resting  on  the 
slope  of  the  Kebfr  Kiih  on  the  south-western  siae  of  the  trough. 

Sections  (figs.  6  &  7)  at  Kirrind, — The  plain  of  Kirrind  is  but  a 
widely  extended  troush,  and  therefore  exhibits  less  contortion  than 
usual  in  the  gypsum-deposits  which  occupy  it.  The  town  of  Kirrind 
is  situated  on  the  N.E.  side  of  the  plain,  at  the  mouth  of  a  highly 
picturesque  gorge  in  the  hmestone-range  behind^  which  dips  at  an 
angle  of  60°  towards  the  plain.  Resting  against  this  slope  on  either 
side,  but  high  above  the  tovni,  is  a  set  of  deposits  affording  interesting 
sections  of  the  gypsum-marls,  the  highest  point  of  which  has  an  eleva- 
tion of  5500  feet  above  the  sea. 

On  the  S.E.  section  (fig.  7)  the  beds  appear  to  have  retained  their 
original  position  to  a  certain  extent,  as  they  only  dip  at  an  angle  of 
25  towards  the  N.E.  The^  seem  to  have  slipped  very  quietly  down 
the  sloping  surface  of  the  hmestone  during  its  elevation,  and  so  to 
have  taken  up  their  present  position. 

On  the  N.W.  section  (fig.  6)  a  much  more  violent  action  has 
taken  place ;  the  beds  furthest  removed  from  the  rock  have  a  general 
dip  at  an  angle  of  75°  from  it  and  towards  the  S.W.,  while  those 
which  are  first  visible  from  under  the  limestone-debris,  by  which  the 
edges  of  many  of  the  beds  are  covered  near  the  rock,  curve  at  their 
outcrop,  as  though  they  formed  a  dome  over  the  adjoining  layers  to 
the  S. W.  Whether  this  whole  set  of  beds  has  been  turned  bodily 
over,  and  the  newest  overlapped  by  the  lowest  members  of  the  series, 
^-or  whether  the  upper  layers  were  pressed  downwards  by  the  lime- 
stone,— ^there  is  no  evidence  to  show,  since  the  same  order  of  succes- 
sion does  not  occur  on  both  sections. 
For  comparison,  the  various  beds  are  enumerated  as  they  occur  : — 

North-west  Section  (fig.  6),  commencing  at  their  first  appearance 
from  under  the  debris,  some  distance  from  the  rock : — 

1.  Pinkish  plastic  clay. 

2.  Thin  bed  of  mottled  marl ;  with  several  species  of  fossils*. 

3.  Blue  marl. 

*  Enumerated  at  p.  267. 
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4.  Red  marl. 

5.  Fine-graixied  grey  sandstone. 

6.  Coaiye  red  sandstone,  with  pebbles  of  pink  mi|rl ;  passing  into 

7.  Fine  grey  sandstone. 

8.  Red  marl. 

9.  Grey  sandstone. 

1 1 '.  Blue  miffl : }  ^^®'®^  ^"^  ^^  alternating. 

1 2.  Red  marl,  with  a  thin  band  of  grey  siliceous  limestone. 

13.  Blue  marl,  with  layers  of  slaty  and  marly  limestone,  containing 

indistmct  impressions  of  plants  or  insects. 

14.  Red  marl. 

15.  Grey  marly  limestone,  with  Balani,  CyreiuE,  &c. 

16.  Several  beds,  covered  up  by  limestone-debris. 

South-east  Section  (fig.  7)>  commencing  at  top : — 

1 .  Thick  bed  of  red  marl. 

2.  Grey  sandstone  (fossiliferous). 

3.  Red  marl. 

4.  Grey  sandstone  (fossiliferous). 

5.  Red  marl. 

6.  Thin  bed  of  compact,  hard,  fine-grained^  red  sandstone. 

7.  Loose  red  sandstone  :  1  .v  •    i    i„ 

8.  Redmarl:  jthinbedB. 

.9.  Thin  bed  of  slaty  blue  limestone. 

10.  Thin  bed  of  blue  marl. 

11.  Gre^  limestone. 

12.  Vanegated  marl. 

13.  Slaty  red  sandstone. 

14.  Red  and  blue  marls. 

15.  Grey  sandstones. 

1 6.  Red  marls. 

1 7.  Thin  bed  of  blue,  siliceous,  slaty  limestone. 

18.  Redmarl. 

19.  Grey  sandstone. 

20.  Red  marl  and  sand. 

21.  Grey  sandstone,  passing  into 

22.  Thm  bed  of  blue  marl. 

23.  Grey  sandstone. 

24.  Marls. 

25.  Thick  bed  of  blue  and  grey  sandstone. 

26.  Coarse  red  marl. 

27.  Fine  red  sandstone. 

The  total  thickness  of  either  Section  may  be  estimated  roughly  at 
500  feet. 

From  the  general  aspect  of  the  various  beds,  I  suppose  them  to 
belong  to  the  lowest  part  of  the  gypsum-series,  probably  the  very 
lowest  in  this  locality. 

In  one  respect  the  Rirrind  Sections  are  much  more  interesting  than 
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any  other  observed  in  this  peculiar  formation^  inasmuch  as  they  con- 
tain fossils  (which  are  however  nearly  all  in  the  form  of  casts). 
In  the  bed  No.  2  of  the  N.W.  Section  we  have 


The  jaw  and  teeth  of 

Natica. 

Imcina. 

Sph4erodu9} 

Mytilns? 

Nucula? 

Remains  ot  Crostaoeana. 

Astarte,  2  sp. 

'    Chama. 

Balanoa. 

Modiola. 

Murez. 

Pholas? 

undetennined. 

In  beds  Nos.  2  and  4  of  the  S.£.  Section  are 

*  Remaina  of  Cnutaceans.         *  Astarte.  *  Mytilus  ? 

*  BalanuB.  *  Lucina.  *  Anomia. 

nostra.  Cardium*  Several  Bivalves ;  genera 

*  Natica.  Cardita.  undetennined. 
Cerithinm.                              Pinna.                      Serpula. 

Oliva.  Area,  2  sp.  Astnea. 

Calyptraea. 

Note.—The  species  marked  (*)  are  identical  with  those  from  the  former 
section. 

The  outcrop  of  the  beds  immediately  in  juxtaposition  with  the 
limestone  is,  as  I  have  said,  entirely  concealed  by  limestone-debris, 
so  that  I  am  unable  to  state  if  any  fossils  are  common  to  the  two 
formations.  In  the  first  visible  stratum  of  the  limestone  the  fossils 
are  perfectly  distinct  from  those  of  the  newer  marls,  and  consist  of 
Nummulitea  BiariteensU  and  microscopic  forms  peculiar  to  the  Num- 
mulitic  formation. 

Section  at  the  Tank  i  Girrah  Pau. — The  only  locality  at  which 
there  is  anything  like  a  gradual  passage  from  the  nummuhtic  beds  to 
the  superimposed  gypsum-marls  is  at  the  summit  of  the  Tauk  ( 
Girrah  Pass,  on  the  descent  from  the  mountainous  region  of  Persia  to 
the  plains  of  Zohdb. 

The  following  descending  section  is  there  presented : — 

1.  A  succession  of  calcareous  and  variegated  marls,  with  thin 

beds  of  fine  yellow  sandstone  at  intervals ;  the  last  most 
abundant  in  the  upper  part  of  the  series.  These  beds  are 
of  great  thickness  and  are  unfossiliferous. 

2.  Yellow  calcareous  marl,  filled  with  a  crenulated  OstrceOy  and 

a  small  Anomia 2  ft. 

3.  Hard  calcareous  marl,  with  supposed  CyrencB  7,  crushed  to- 

gether in  mass :  none  distinct   I  ft. 

4.  Soft  blue  marl,  containing  fossils  identical  with  those  from 

the  fossiliferous  beds  above  described  at  Kirrind 1  ft. 

5.  Hard  compact  limestone,  filled  with  exceedingly  small  pebbles 

of  red  chert;  of  considerable  thickness,  and  containing 
small  NummuUtes  Biaritzensis. 

This  sequence  appears  to  be  complete ;  but  the  organic  remains 
are  characteristic  of  the  separate  beds  in  which  they  occur,  and  do 
not  pass  into  any  others. 
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An  examination  of  the  fossil  contents  of  the  gjpsum-series  with 
those  of  the  underlying  nummulitic  rocks  does  not  show  one  form  ex- 
tending through  hoth  formations.  As  the  lithological  character  also 
of  these  two  formations  is  so  totally  dissimilar,  I  have  thou;;ht  it  hest 
to  descrihe  them  separately.  Still,  however,  when  the  universal  and 
perfect  conformabiUty  of*  the  gypsiferous  marls  to  the  nummulitic 
limestone  is  considered  (whether  the  beds  of  the  latter  he  horizontally, 
or  rise  in  lofty  domes),  we  cannot  by  any  means  pronounce  them  to 
belong  to  a  different  geological  epoch,  but  rather  consider  them  as  a 
transition  from  the  older  to  the  newer  tertiary  period. 

I  am  disposed  to  think  that  a  sudden  elevation  of  the  whole  bottom 
of  the  ocean  took  place  at  the  close  of  the  period  when  the  num- 
mulitic hmestone  was  deposited,  by  which  the  species  then  living 
were  totally  extinguished.  This  elevation  must  have  been  accom- 
panied and  succeeded  by  the  frequent  discharge  of  sulphuric  vapours 
from  below,  which,  acting  upon  the  calcareous  matter  held  in  solu- 
tion by  the  water,  deposited  it  in  the  form  of  sulphate  of  lime.  I 
am  the  more  inclined  to  adopt  this  mode  of  accounting  for  the  origin 
of  this  mineral  deposit,  because  it  occupies  no  fixed  position  in  the 
marls,  but  is  stratified  and  intercalated  irregularly  among  them,  gene- 
rally however  in  their  lowest  part.  Where  gypsum  occurs,  it  usually 
spreads  over  a  large  surface,  showing  it  to  be  the  result  of  a  widely 
extended  cause.  The  entire  absence  of  animal  life  during  its  deposi- 
tion has  frequently  been  remarked. 

The  order  of  superposition  of  the  beds  of  this  formation,  as  above 
described,  differs  materially  from  that  observed  by  Mr.  W.  J.  Hamilton 
of  the  beds  of  the  same  formation  in  Asia  Minor  generally.  That 
gentleman  noticed  the  variegated  marls  and  gypsum  resting  uncon- 
tormably*  upon  underlying  sandstones,  which  latter  were  in  juxta- 
position to  the  nummuhtic  hmestone. 

On  the  flanks  of  the  Zdgros,  however,  as  I  have  endeavoured  to 
show,  the  marls  and  gypsums  are  the  lower  beds,  and  rest  conform- 
ably on  the  hmestone,'while  the  sandstones  are  superimposed  upon 
them. 

I  do  not  think  that  this  inversion  of  order  need  be  of  serious  im? 
portance,  when  the  great  distance  between  the  deposits  (/ 50  geogra- 
phical miles)  is  taken  into  consideration.  It  is  evident,  from  the  very 
numerous  layers  in  the  various  beds,  that  continual  changes  occurred ; 
and  therefore  there  need  be  no  difficulty  in  supposing  that,  while 
sandstones  were  undergoing  deposition  in  Asia  Minor,  marls  and 
gypsums  might  be  forming  along  the  Z^os,  and  vice  versd. 

The  marls  and  gypsum  of  Mr.  Hamilton's  sections  (Quart.  Joum. 
Geol.  Soc.  vol.  V.  p.  373)  are  represented  as  lying  horizontally  upon 
the  elevated  and  even  vertical  sandstones.  This,  however,  may  be 
the  result  of  the  Taurus  having  been  thrown  up  at  a  different  period 
from  the  Z^gros.     It  is  by  no  means  improbable  that  in  some  other 

*  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  373.  In  another  district,  however,  of 
Asia  Minor,  Mr.  Hamilton  observed  gypsiferous  beds  conformable  with  the  red 
and  jellow  marl  and  sandstone ;  see  Trans.  Geol.  Soc.  Lond.  2  ser.  vol.  v.  pp.  590 
&  592.-.ED. 
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locality  in  Asia  Minor  marls  may  be  found  conformable  to  the  sand- 
stones*. 

The  arrangement  of  the  gypsum-series  of  the  Zagros  agrees,  how- 
ever, with  that  of  the  newer  tertiary  beds  of  the  Hald  Bange,  and 
the  formations  of  Scinde,  as  described  by  Captain  Vicaryf* 

Bituminous  Products. — Before  quitting  the  subject  of  the  gypsum- 
formation,  it  is  necessary  to  say  a  few  words  on  the  bitumen-  and* 
naphtha-springs  which  abound  in  its  lowest  deposits  in  connection 
with  the  associated  marls  and  gypsum.  Instances  occur  in  which 
bitumen-springs  rise  from  the  nummulitic  limestone,  but  these  are 
exceedingly  rare.  The  spring  in  the  Citadel  on  the  summit  of  the 
Rock  of  Van  in  Armenia  may  be  adduced  as  an  example. 

As  a  general  rule,  however,  where  bituminous  products  appear  in 
Mesopotamia  or  in  the  Persian  Z^ros,  we  may  be  assured  that  they 
rise  from  the  gypsum-deposits.  The  most  remarkable  and  well-known 
instances  of  this  fact  are  those  of  Hit,  on  the  Lower  Euphrates,— of 
Kerkdk,  on  the  Hamrfne, — of  H^m^m  A'li,  on  the  Tigris,  near 
Nimrdd, — of  H&mAai  A'H,  near  Zohdb, — ^thosc  near  Mendali, — and 
further  south,  near  BAxn  Hormtizd.  The  only  bitumen-springs  which 
i  had  an  opportunity  of  closely  examining  were  in  the  Bakhtiy^ri 
Mountains,  between  the  curious  and  ancient  temple  called  Mesjid  ( 
Suleiman  and  the  Mountain  of  Asmdri ;  these  probably  are  the  most 
copious  of  any.  They  are  situated  in  a  wild  and  barren  region  of 
much-contorted  and  highly  elevated  ridges  of  sandstones,  marls,  and 
gypsum.  Their  immediate  source  is  in  a  narrow  ravine  between  lofty 
walls  of  the  earthy  and  cavernous  variety  of  the  last-named  rock, 
havine  the  strata  dipping  in  every  possible  direction,  and  furnishing 
abunoance  of  sulphur,  which  is  sold  in  the  bazaars  of  Diziiil.  A 
small  stream  of  cold  water  rises  high  up  the  ravine,  and  is  increased 
as  it  descends  by  streamlets  from  a  multitude  of  sources,  most  of 
which  furnish  a  supply  of  liquid  black  bitumen  and  white  naphtha, 
mixed  together, — some  of  them  very  abundantly.  One  spring  yields 
yellow  naphtha  alone.  These  oily  substances  float  upon  the  surface 
of  the  stream,  and  are  conveyed  to  an  artificial  dam.  When  the  dam 
is  nearly  full,  the  water  is  drawn  off  at  the  bottom,  and  the  bituminous 
mixture  is  left  exposed  to  the  heat  of  the  sun,  until  reduced  to  the 
consistency  of  sofl  mud.  It  is  then  placed  in  a  large  caldron,  covered 
over,  and  submitted  to  a  slight  heat  by  heaping  fire  on  the  lid.  After 
a  gentle  simmering  for  a  short  time,  the  fire  is  removed ;  and  the 
substance,  when  cold,  is  bitumen  prepared  for  use.  The  Seyids  (or 
descendants  of  Mahomed)  at  Shiister  enjoy  the  sole  right  and  privilege 
of  making  bitumen  here. 

The  black  slime  floating  on  the  surface,  or  settling  on  the  white 
gypsum  banks  and  detached  blocks,  produces  a  curious  and  striking 
contrast.  The  water  contains  a  great  quantity  of  sulphur  in  solution, 
which  is  deposited  along  the  bed  of  the  stream,  and  is  collected. 
The  stench  of  sidphur  in  the  ravine  is  almost  unbearable.  From 
these  springs  are  collected  annually  about  2000  mauns  (or  1 2,000  lbs. 

♦  See  previous  note. — Ed. 

t  See  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  331,  &c. 
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English)  of  liquid  naphtha  and  prepared  bitumen ;  which,  indu* 
ding  the  expense  of  collecting,  of  manufacturing,  and  of  carriage,  are 
sold  in  Shdster  at  the  following  rate : — Liquid  naphtha,  1^  Reran 
per  maun,  or  2^d,  per  lb., — Bitumen,  at  2  Kerans  per  maun,  or  Sid. 
per  lb.  There  might  be  collected  7000  or  8000  mauns  annually,  if 
there  were  sufficient  demand.  There  are  various  other  hitumen- 
springs  in  the  immediate  neighbourhood,  the  refnse-waten  of  which 
fall  into  the  'A'b  i  Siir  ("Salt  Kiver*'),  which  is  the  receptacle  for 
every  species  of  villanous  water,  whether  bituminous,  naphthous,  salty, 
or  sulphureous,  rismg  among  the  gypseous  deposits  of  that  region. 

2.  Nummulitic  Series. 

The  rocks  of  the  Nummulitic  Series  constitute  the  most  remarkable 
feature  of  the  Zdgros,  and  extend,  to  my  knowledge,  from  Shiraz  to 
Mount  Ararat,  a  distance  of  800  geographical  miles. 

They  rise  from  beneath  the  beds  of  the  gypsum-formation  in 
elongated  saddles  of  compact  crystalline  limestone,  running  jjarallel 
to  each  other,  and  having  a  quaquaversal  dip.  Frequently,'  when 
much  elevating  force  has  been  exerted,  huge  masses  of  the  limestone 
stand  isolated,  with  lofty  precipices  on  all  sides,  bearing  on  their 
summits  acres  of  pasturage  and  springs  of  delicious  water,  to 
which  the  native  chiefs  and  their  adherents  can  retire  in  safety, 
and,  with  a  handful  of  men,  defy  the  whole  power  of  the  Persian 
Ck)vernment. 

Of  the  saddle-formed  ridges  the  most  remarkable  is  the  range  of 
Ke^dn  (fig.  4).  It  forms  the  eastern  edge  of  the  trough  through 
which  the  Kerkhah  River  flows  before  passing  into  the  pluns ;  and 
it  extends  35  miles  in  a  perfectly  straight  line.  Seen  in  perspective, 
its  outline  resembles  a  gigantic  model  of  the  Crystal  Palace,  the 
uniform  curve  of  the  dome  being  very  remarkable  and  imposing. 

The  Kebir  Kdh,  which  bounds  the  western  side  of  the  same 
trough  (fig.  4),  is  another  example  of  a  similar  kind ;  but  the  con- 
tinuity of  the  layers  is  frequently  broken  on  the  summit,  and  thus 
considerable  precipices  are  the  result,  the  jagged  edges  of  which 
were  invaluable  points  for  the  survey  of  the  frontier.  • 

Innumerable  examples  of  the  saddle-shaped  ranges  might  be  ad- 
duced ;  for,  in  fact,  this  is  the  usual  form  in  which  the  nummuhtic 
rocks  show  themselves  on  the  west  of  the  central  axis,  where  the 
elevating  force  has  been  less  generally  experienced  than  in  the  in- 
terior of  the  chain.  In  the  latter  position,  as  is  naturally  to  be 
expected,  the  strata  have  been  forced  asunder,  and  present  mural 
clifis  of  great  height  on  either  side  of  long  valleys  of  elevation. 

Of  isolated  masses  of  the  nummulitic  limestone,  I  may  refer  to 
the  impregnable  fort  of  J^er  KiiK  Khdn,  the  notorious  chief  of  the 
Bdkhtiydri  Mountains, — Chdouni  in  Lilristdn  (fig.  8), — the  Kiih-i- 
Seffid,  between  Shiribs  and  Behbehdn, — and  particularly  to  the  Ban-i- 
Zdrdah  near  Zohdb  (fig.  2). 

During  the  elevation  of  this  portion  of  the  ancient  Zdgros,  the 
subterranean  force  acted  with  such  intensity  as  to  sever  the  lime- 
stone-strata of  Ktih-f-Ddldhti ;  and  a  huge  mass  on  the  S.W.  side. 


Digitized  by 


Google 


liOFTUS — TURKO-PBRSIAN  FRONTIER.  271 

called  B&i-i-Z^Lrdah,  was  broken  off  from  the  main  chain.  [This 
will  be  understood  by  referring  to  fig.  2,  p.  327.]  It  stands  in  the 
form  of  an  elongated  trough,  eight  nules  in  length  from  S.£.  to  N.W., 
and  about  four  mil^  wide,  separated  by  a  deep  valley  from  the  broken 
south-western  escarpment  of  D^hti.'  Towards  the  N.W.  the  Ban- 
i-Z4rdah  projects  in  a  send-oyal  snout,  considerably  beyond  the  rest 
of  the  mountain,  and  presents  a  perpendicular  escarpment  of  2000 
'feet  on  the  N.W.  and  S.W.,  the  stratification  dipping  from  the  edge 
to  the  centre  of  the  trough. 

The  Ban-1-Z^dah  is  one  of  the  finest  specimens  of  the  numerous 
natural  fortresses  which  exist  in  Persia ;  and,  from  its  strong  posi- 
tion, it  was  chosen  by  the  weak  and  unfortuAate  Yezdijird,  the  last 
of  the  Sassanian  kings,  whereon  to  make  his  final  stand  against  the 
conquering  arms  of  the  Moslem  invaders. 

llie  distant  outline  of  these  ranges  is  straight  and  uniform,  some- 
times presenting  a  few  protuberances,  but  never  rising  into  lofty  and 
picturesque  peaks*. 

The  summit  of  a  *'  Diz,"  or  natural  fortress,  is  usually  flat  or  but 
slightly  undulating,  owing  to  the  vertical  elevation  of  the  mass,  and 
consequent  horixontality  of  the  bedsf. 

The  great  ranges  composed  of  the  limestone  of  this  formation 
everywhere  present  a  formidable  barrier  to  access  from  the  west.  All 
the  passes  from  Turkey  into  Persia  are  carried  over  them ;  and,  as 
those  in  the  interior  are  reached  by  gradually  mounting  higher  and 
higher,  step  by  step,  they  were  described  by  the  Greek  historians  by 
tli^  appropriate  name  of  kXi/ucuccs  or  ladders.  In  some  instances  the 
passes  follow  a  zigzag  path  up  the  precipitous  face  of  an  escarpment, 
and  are  paved  with  rude  blocks,  but  generally  they  are  little  better 
than  goats'  tracks  and  almost  impassable.  The  surfaces  of  these 
dome-shaped  mountains,  which  in  the  distance  look  smooth  and  easy 
of  ascent,  are  upon  nearer  acquaintance  found  to  be  covered  with  huge 
blocks  and  sharp  broken  pieces  of  hard  limestone,  or  a  breccia  with 
a  yellow  calcareous  matrix.  This  breccia  frequently  conceals  the 
superposition  of  the  gypsum-deposits  upon  the  skirts  of  the  lime- 
stone-dome. 

From  the  base  to  about  6000  feet  above  the  sea  dwarf  Oaks 
abound ;  but  beyond  that  height  they  gradually  disappear ;  at  8000 
feet  the  Astragalus  only  grows.  The  ntmimulitic  rocks  attain  an 
elevation  of  from  9000  to  10,000  feet. 

Exposed  to  the  weather,  the  limestone  assumes  a  warm  ochreous 
tint ;  but  on  fracture  it  is  yellowish  or  grey. 

In  close  proximity  to  the  igneous  axis  of  the  whole  chain  of  the 
Frontier  are  highly  crystalline  blue  limestones,  some  of  which  are 
undoubtedly  an  altered  condition  of  the  nummulitic  limestone,  the 
fossils  being  destroyed. 

In  consequence  of  the  rarity  of  fossil  remains  throughout  the  whole 

*  The  outline  of  the  ranges  as  seen  from  Dizf(il  is  represented  in  Section  VIII. 
of  the  original  Memoir. — Ej>. 

t  A  diagram-sketch  of  a  portion  of  the  Mungerrah  Mountain  geologically  co- 
loured, and  showing  this  configuration,  accompanies  Mr.  Loftus's  MS. — Ed. 
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of  this  fonnation^  and  of  their  being  when  present  for  the  most  part 
in  the  state  of  casts,  I  have  been  unable  to  ascertain  the  newest  beds. 
The  compact  and  crystalline  nature  of  the  rock  presents  a  univer- 
sality of  character  along  the  whole  line  of  its  range  which  does  not 
lessen  the  difficulty. 

In  very  few  instances  have  good  sections  been  met  with,  because 
of  the  peculiar  saddles,  which  seldom  expose  more  than  the  upper 
layers.  Even  when  a  section  is  obtained,  through  the  heart  of  any 
of  these  saddles,  we  gain  no  information  further  than  that  it  is  com- 
posed of  2000  feet  and  upwards  of  layers  of  unfossiliferous  compact 
or  crystalline  limestone. 

Section  (fig.  8)  at  Mungerrah. — The  most  detailed  section  that 
came  under  my  observation  is  at  Mungerrah,  two  long  days'  journey 
N.N.W.  of  DizMl,  in  the  interior  of  the  Liirish  Mountains,  where 
the  English  and  Russian  Commissioners  passed  the  summer  of 
1850. 

The  valley  of  Mungerrah  is  an  extensive  and  irregular  basin, 
enclosed  on  all  sides  by  perpendicular  cliffs,  except  on  the  south, 
where  it  is  entered  by  a  narrow  valley  called  Ser-l-Deriah.  The 
strata  of  which  the  bowl  of  this  valley  is  composed  are  red  gravel 
and  sandstone.  Upon  these  rest  conformably  solid  beds  of  lime- 
stone, which  rise  to  the  summits  of  the  mountains  around  forming 
the  sides  of  the  basin.  The  dip  of  the  whole  series  is  8^  30'  towards 
the  south. 

The  following  is  a  section  from  the  top  of  the  great  cliff  at  the 
foot  of  which  our  camp  was  situated  (see  fig.  8,  p.  331) : — 

1.  Limestone-breccia,   derived    from  the  underlying  beds,   and 

cemented  in  a  yellow  calcareous  matrix. 

2.  (fig.  8,  3  a)  Grey  compact  limestone,  sometimes  of  a  light  slate 

colour ;  fracture  saccharoidal ;  emitting  a  bell-sound,  when 
struck  with  the  hammer ;  surface  roueh,  weathering  in  deep 
and  large  holes,  as  if  bored  by  gigantic  lithodomous  mollusca. 
It  contains  a  few  Ostrea,  Pectines,  Echini,  casts  of  Cerithia, 
and  Univalves,  which,  however,  it  is  impossible  to  extract, 
owing  to  the  flinty  hardness  of  the  rock.  In  the  upper 
layers  are  huge  tabular  masses  of  opake,  white,  and  dark- 
brown  flint. 

3.  (s  a)  Thick  bed  of  very  hard,  compact,  somewhat  argillaceous, 

light-grey  limestone,  with  fossils  similar  to  the  above. 

4.  (sa)  Compact  greyish-yellow  limestone ;  the  lower  portion  in 

very  thm  layers.     Fossils  very  rare. 

5.  (sb)  Very  hard  gravel-conglomerate,  in  a  deep-red  argillo-cal- 

careous  matrix ;  the  pebbles  consist  of  highly  indurated, 
dark-red  and  dull-green  clays  and  cherts,  mixed  with  a  few 
of  dark-blue  limestone  and  yellow  sandstone ;  the  fragments 
of  chert  and  clay  being  small  and  much  worn  by  transport. 

6.  (s  c)  Yellowish  and  reddish  sandstone,  with  thin  and  regular 

layers  of  the  above  pebbles,  which  are  most  frequent  in  the 
upper  part  of  the  bed. 
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7.  (a  d)  Blue,  grey,  or  fawn-coloured  limestone,  exceedingly  hard, 
compact,  and^  heavy ;  containing  Nummulites  perforata  (small 
variety),  N.  {Astilina)  exponens,  Orbitoidea  duparutUy  Alveo^ 
Una  subpyrenaica  i  with  a  few  spines  and  broken  shells  of 
Echinoderms.     This  bed  passes  into  the  following — 

8.  (se)  Bluish-grey  rock,  consisting  of  Nummulites,  &c.,  ce- 
mented in  carbonate  of  lime,  and  containing  the  same  fossils 

I  as  occur  in  bed  No.  7 :  interspersed  are  a  few  layers  of  fra- 

!  gile  grey  marl. 

By  barometrical  measurement,  our  camp  on  the  gravel-  conglomerate 
(bed  No.  5)  was  1 951  feet  below  the  summit-edge  of  the  overhanging 
cliff.  The  above  section,  therefore,  cannot  be  less  than  3000  feet  in 
height.  I  regret  that  I  am  unable  to  give  the  thickness  of  the 
several  beds ;  but  the  nature  of  the  cliff  renders  measurement  quite 
out  of  the  question. 

From  the  presence  of  an  Ostrea  (sp.  undet.)  in  the  limestone 
No.  2,  and  also  at  the  head  of  the  Tauk-{-6irrah  Pass,  as  before  men* 
tioned  (p.  267),  in  connexion  with  the  gypseous  deposits,  there  is 
reason  to  believe  that  the  bed  No.  2  lies  near,  if  not  quite  at  the  top 
of  the  nummulitic  rocks.  It  is  just  possible  that  it  may  represent 
the  fossiliferous  marls  of  the  gypsum-series  discovered  at  ICirrind 
(see  p.  265),  since  the  forms  of  the  contained  fossils  appear  to  be 
nearly  allied ;  although  casts,  such  as  these,  are  always  difficult  to 
identify. 

The  beds  Nos.  7  and  8  were  well  exposed  in  the  sides  of  a  deep 
ravine,  formed  by  a  mountain  torrent  in  the  basin  of  Mungerrah, 
which  afterwards  forces  its  way  through  a  difficult  gorge  to  join  the 
Bdl^d-rdd  River.  Large  blocks  of  tins  shell-conglomerate,  literally 
composed  of  Nummulites  perforata  and  N,  exponetia,  with  AheoUna 
mbpyrenaica,  lie  in  the  channel  of  the  stream  a  few  miles  below  the 
gorge,  showing  that  this  bed  is  very  largely  developed  somewhere  in 
the  neighbourhood,  though  I  was  not  so  fortunate  as  to  discover  the 
particular  locality.  The  last-named  fossil  is  called  by  the  natives 
*'  Sangi  Berinj,"  or  Rice-stone,  from  its  fancied  resemblance  to  grains 
of  rice.     Seep.  278. 

The  Section  fig.  8,  taken  from  the  summit  of  Chdouni,  gives  a 
general  idea  of  the  arrangement  of  the  beds  of  this  formation,  and 
of  the  strange  dislocation  which  has  taken  place  near  Mungerrah  by 
the  elevation  of  the  Bi  AHi)  Mountain.  The  upper  beds  of  the  lime- 
stone, which  is  here  white  and  saccharoidal,  are  inverted^  and  form  a 
high  peak,  with  quantities  of  angular  debris  upon  the  slope.  This 
p^uc  in  the  outline  of  the  mountains  as  seen  from  Dizfiil*  is  repre- 
sented by  a  conical  protuberance.  Not  having  had  an  opportunity 
of  examining  the  Bi  A'b,  I  am  unable  to  say  positively  to  what  forma^ 
tion  the  rocks  composing  it  belong,  but  I  have  seen  fragments  of 
Ammonites  which  were  said  to  have  been  picked  up  in  crossing  it. 
This,  together  with  the  conformable  dip  of  the  overlying  beds,  leads 
me  to  the  conclusion  that  it  is  cretaceous. 

*  The  aothor  has  given  in  the  original  MS.  a  coloured  sketch  of  the  outline 
here  alluded  to. — Ed. 
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From  the  great  elevation  of  Ch^ounl,  the  order  of  the  Mungerrah 
section  is  seen  prevailing  throughout  the  adjoining  mountains,  for 
the  deep-red  of  the  chert-conglomerate  (bed  No.  6)  may  be  di- 
stinctly traced,  from  its  contrast  with  the  other  beds,  forming  a  wide 
band  wherever  a  cliif-section  is  presented*. 

The  origin  of  the  red-chert-gravel,  which  is  very  widely  extended, 
is  to  me  a  complete  mystery.  It  is  true  that  a  bed  of  solid  red  chert 
is  seen  in  the  Ldr  mountains  at  Harsin, — and  a  thin  bed  (of  the 
cretaceous  age)  crops  out  in  the  plains  of  Kerm4nsh4h  and  Mdhi- 
desht,  and  at  Kdsley  Gill  near  Mount  Ararat ;  but  these  are  too 
insignificant  to  have  been  the  nucleus  from  whence  such  an  enormous 
quantity  of  gravel  was  derived.  In  these  two  locahties  there  is  no 
waxy-green-coloured  chert,  which  is  abundantly  found  mixed  with 
the  red-chert-gravel  wherever  that  occurs.  These  rocks  may,  how- 
ever, exist  in  mass  in  some  unexplored  region  of  the  Ldr  or  Kiird 
Mountains. 

From  the  summit  of  Chaouni,  the  red-chert-gravel  is  traceable  in  a 
N.W.  direction  for  a  distance  of  twenty  or  thirty  miles,  until  it  is 
shut  out  of  view  by  the  intervening  mountains. 

Section  (fig.  4)  at  Tang-i-Kh&show, — ^The  lower  portion  of  the  Mun- 
gerrah Section  is  crossed  at  the  Tang-i-Khashow,  between  Dizfdl  and 
Khorremibad,  about  forty  miles  N.W.  of  Ch4ouni  (see  fig.  4,  p.  329). 
Here  the  road  passes  through  an  easy  gorge,  having  on  either  side  a 
cliff  of  about  800  feet  high,  with  the  strata  dipping  to  the  S.W.  at 
an  angle  of  40^  or  thereabouts.  To  the  N.£.  is  a  broken  face  of  rock 
exposing  the  following  section : — 

No.  4  ;  a  thin  bed. 
No.  5. 
Mungerrah  beds...^  No.  6. 
No.  7. 

^No.  8  ;  containing  Alveolina  ntbpyrenaiea  in 
very  great  abundance,  with  Nummulites  perforata  and  N.  exponens. 

9.  Thick  deposits  of  reddish  sandstone,  fine-grained  and  hard, 
without  fossils ;  but  containing  a  few  thin  bands  of  darker-coloured 
hard  iron-sandstone,  tolerably  heavy  (=46&4Cof  fig.  4). 

10.  At  about  1^  mile  from  the  entrance  of  the  pass  these  sand- 
stones are  succeeded  by  enormous  beds  of  slate-coloured  bituminous 
shales  and  marls  (4  d,  fig.  4),  which  fill  up  the  entire  centre  of  the 
valley  between  Tang-i-Khdshow  and  the  Pass  of  Deh-l-Liz,  and  afford 
a  rich  soil  for  the  forest  of  dwarf  oaks  which  here  abound.  The 
water  flowing  among  these  marls  is  scanty,  and  highly  impregnated 
with  iron.     No  traces  of  fossils  were  here  observed.     It  is  highly 

*  In  the  MS.  Memoir  the  author  has  given  a  diagram-sketch,  geologically  co- 
loured, sketched  by  Lieut.  Glascott,  R.N.  with  the  theodolite  from  this  position, 
and  looking  to  the  N.E.  It  shows  the  wild  character  of  this  region.  Mr.  Loftus 
adds  that  "  the  irregular  upper  outline  of  the  red  gravel  is  owing  to  its  [)eing 
overlaid  by  limestone  debris  fallen  from  above.  In  other  sections  the  underlying 
beds  are  discernible/espedally  in  the  bluff  south-eastern  extremity  of  the  Keklan 
range,  and  in  the  lofty  mountain  called  Kus,  across  the  Bi  A'b,  noith  of  Chiouni." 
—Ed. 
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probable  tbat  these  marls  are  a  prolongation  of  the  beds  which  crop 
out  on  the  north  side  of  Chaoum,  from  under  the  Mongerrah  section, 
and  rest  upon  the  curve  of  the  Bi  A'b  (see  fig.  8). 

It  has  been  previously  mentioned,  that  in  the  centre  of  the  trough 
of  the  Kerkhah  (fig.  4)  a  slight  curve  of  limestone  occurs  at  Pdl-i 
Tang,  "  the  Bridge  of  the  Cleft,"  through  which  the  river  flows  at 
a  depth  of  100  feet.  At  the  point  where  the  river  issues  from  the 
gorge,  and  where  the  limestone  again  dips  under  the  gypsum  and 
marls,  upon  the  right  bank,  several  large  blocks  have  been  n'om  some 
cause  or  other  torn  from  their  places  and  overturned, — perhaps  by 
the  force  of  the  stream  when  very  high.  The  under-sides  of  these 
blocks  are  composed  of  layers  ofScutella  (sp.  nndesc.)  with  abundant 
casts  of  Turritellay  Pecten,  and  other  shells.  The  same  limestone 
probably  curves  upwards,  and  surmounts  the  great  range  of  the  Kebfr 
Kiih  (fig.  4). 

Ntiah  (Noah  ?)  Kilh,  the  S.W.  edge  of  the  trough  of  Kirrind,  is 
a  saddle  of  highly  crystalline  grey  limestone,  of  the  usual  character 
(see  fig.  9).  Upon  its  summit  is  a  conspicuous  rock  called  Pdl-i- 
Nov,  containing  a  large  cavern  with  staLactitic  columns.  At  the 
mouth  of  the  cave  the  crystalline  limestone  is  covered  by  a  thin  bed 
of  compact,  yellow,  calcareous  marl,  containing  Num.  perforata  in 
great  abundance.  This  marl  has  undergone  considerable  disturbance 
during  or  immediately  subsequent  to  its  deposition ;  for  its  upper 
layers  are  broken,  and  pass  into  a  calcareous  paste,  containing  small 
angular  fragments  of  the  marl,  and  abo  abounding  with  N,  pe^orata. 
This  is  the  only  locality  where  such  fine  specimens  of  this  species 
have  been  met  with  in  the  immediate  vicinity  of  the  Frontier.  A 
single  specimen  shows  a  passage  from  N.  perforatay  D'Arch.,  into 
N.  Bellardii,  D'Arch.  (a  Nice  species),  as  pointed  out  by  Mr.  T. 
Rupert  Jones,  to  whose  kindness  I  am  indebted  for  the  determination 
of  the  Foramini/era  mentioned  in  this  paper. 

From  the  neighbourhood  of  Kirrind,  the  natives  brought  me  spe- 
cimens o£N,  Biaritzemi^,  D'Arch. ;  but  they  would  not  indicate  the 
spot  from  whence  they  were  procured. 

Section  (fig.  9)  between  Kirrind  and  Mdhidesht, — A  magnificent 
section  of  the  Nummulitic  rocks  and  of  the  underlying  beds  is  pre- 
sented between  Kirrind  and  Mahidesht,  on  the  road  to  Kermdnshah, 
At  the  first-mentioned  place  the  rock  behind  the  village  dips  at  an 
angle  of  7b°  towards  the  S.W.,  and  the  edges  of  the  several  beds  of 
which  it  is  composed  may  be  well  examined  within  the  gorge  at  the 
gardens  and  spring.  The  rock  rises  to  the  height  of  1500  feet  above 
the  plain ;  but  the  total  thickness  of  a  vertical  section  of  the  beds,  as 
far  as  visible,  cannot  exceed  800  feet.     We  here  have 

1.  (fig.  9,  3  a.)  Compact  beds  of  white  marble,  very  hard  and  sac- 

charoidal. 

2.  (3  d.)  Compact  white  marls,  and  limestone. 

3.  (3  c.)  Thin  bed  of  limestone  and  red  sandstone  breccia. 

4.  (3  d,)  Thin  bed  of  small  rounded  gravel  of  coloured  chert. 

ir2 
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5.  (3  e.)  Thin  bed  of  yellow  sandstone,  with  slight  traces  of  Vege* 

table  remains. 

6.  (3/.)  Yellowish  calcareous  marl,  abounding  with  fossils ;  the 

lower  part  with  Alveolina  sul^pyrenaica,  in  particular  (see 

p.  2775. 

From  the  spring  a  short  but  difficult  pass  conducts  to  the  Biw^ij 
plain  over  a  succession  of  thick  layers  of 

7.  (3^.)  Compact,  grey  and  white,  hard  limestone,  sometimes  are- 

naceous. 

This  rock  extends  as  far  as  the  Ali-i-Zdmdkan,  and  must  there- 
fore be  of  enormous  thickness.  In  the  descent  to  this  stream,  how- 
ever, it  becomes  of  a  sudden  exceedingly  friable ;  in  some  places  it 
resembles  the  upper  chalk  of  England,  and  at  others  its  open  and 
fibrous  structure  is  so  similar  to  travertin,  as  to  lead  to  the  belief  of 
its  having  been  deposited  by  springs  highly  charged  with  calcareous 
particles. 

On  crossmg  the  A'b-i-Zdm^dn  we  come  upon 

8.  (s  A.)  Red  marls,  containing  rounded  chert-pebbles  of  various 

colours. 

I  was  at  first  inclined  to  consider  this  marl  as  corresponding  in 
age  with  the  chert-conglomerate  No.  5  of  the  Mungerrah  Section 
(p.  272).  If,  however,  a  geological  horizon  be  indicated  by  the 
presence  of  Alveolina  subpyrenaica,  which  occurs  in  bed  No.  6  {nj) 
of  the  present  section,  these  red  marls  are  about  equivalent  in  age  to 
the  reddish  sandstones  No.  9  of  Tang-1-Khdshow  (p.  274).  The 
absence  of  fossils  is  here  a  great  loss. 

The  little  village  of  Gourijdh*,  on  the  left  bank  of  the  stream,  is 
built  on  the  red  marls,  and  behind  it  rises  the  lofty  crag  called 
Kdii-i-Buzz£hd,  the  base  of  which  is  of  red  marls,  and  the  summit 
of  grey,  compact,  arenaceous  limestone,  probably  the  same  as.  No.  7 
(iff)  on  the  west  bank  of  the  Zdm^k^n.  Winding  round  to  the 
south  of  this  crag,  the  road  is  clothed  with  the  dwuf  oak,  and  it  is 
worthy  of  notice  that  wherever  the  red  marls  and  chert-gravel  abound 
the  oak  flourishes.  Is  this  attributable  to  the  iron  contained  in  the 
soil? 

The  base  of  the  crag  is  loaded  with  talus  (i«)  from  its  limestone- 
capping,  and  the  stratification  is  concealed ;  but,  on  reaching  G£- 
warah,  the  red  marls  reappear,  and  are  succeeded  by 

9.  (4  a.)  Bituminous,  grey  and  dark  blue,  indurated,  calcareous 

*  The  following  section  through  the  red  mark  at  this  locality  would  indicate 
that  the  same  causes  which  produced  the  travertinous  layers  (tf  the  limestone, 
No.  7,  had  begun  to  operate  during  the  deposition  of  the  marls. 

7.  (ig) Limestone. 

r  Red  marls. 
Red  sandstone,  or  fine  gravel  of  variously  coloured  and  rounded 

cherts. 
Red  marls. 

Friable  white  travertin. 
Red  marls. 


8.  (.*.)... 
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marls  and  fissile  clays,  similar  to  those  east  of  Tang-f-Khi- 
show  (p.  274). 

From  this  point  the  country  assumes  a  totally  different  aspect. 
The  rich  foliage  of  the  oak  ceases,  and  scarcely  a  made  of  vegetation 
exists  further  to  the  east  of  this  section.  The  hlue  marls  are  imder- 
latd  by 

10.  (46.)  Cream-coloured  limestone,  splitting  up  in  very  thin 
layers ;  sometimes  crystalline  and  sonorous,  arenaceous,  and 
traversed  by  veins  of  white  and  coloured  quartz. 

Although  fossils  are  entirely  absent  in  this  limestone,  as  well  as  in 
the  overlying  blue  marls,  there  is  every  reason  to  believe  that  these 
deposits  are,  from  circumstances  hereafter  to  be  noticed,  referable  to 
the  Cretaceous  age,  and  are  conformably  overlaid  by  the  Nummulitic 
rocks. 

Thus  far  across  the  section  the  whole  of  the  beds  have  a  constant 
dip  to  the  S.W.,  at  an  angle  of  about  15°  or  20^  but  in  advancing 
over  the  cream-coloured  limestone  the  beds  gradually  become  hori- 
zontal, and  at  the  village  of  G^wdrah  (situated  on  the  summit  of  a 
low  anticlinal  ridge)  the  beds  take  an  opposite  dip,  and  to  the  N.£. 
are  overlaid  by  blue  marls,  which  rise  in  contortions  up  the  slope  of 
the  K^14h  KM  range. 

This  range  separates  the  irregular  valley  or  plain  of  G^w^rah  from 
that  of  Mdhidesht,  and  its  summit  is  capped  by  horizontal  beds  of 
the  same  grey,  compact,  crystalline,  arenaceous  limestone  (^  ff), 
which  occur  in  the  same  position  at  Klih-i-Buzzdhd ;  the  underlying 
red  marls  of  the  latter  locality  beins,  however,  entirely  absent.  This 
limestone  is  fossiliferous,  but  so  hard  as  to  defv  all  attempts  to 
extract  its  contents,  and  I  was  consequently  unable  to  procure  any 
for  comparison.  Small  Corals  were  abundant,  with  casts  of  shells 
apparently  of  the  same  species  as  from  the  bed  No.  6  at  Kirrind 
(see  below).    No  Nutntnulites  nor  Alveolina,  however,  were  noticed. 

The  blue  marls,  after  a  good  deal  of  contortion  up  the  slopes,  pass 
horizontally  at  the  summit  under  the  hmestone  (No.  7,  3  ff)  which 
rests  apparently  conformably  on  them. 

The  rocks  of  this  formation  do  not  appear  again  to  the  east  of 
KO^ISM. 

The  number  of  fossils  procured  from  the  bed  No.  6  of  the  Kirrind 
limestone  (fig.  9,  sf)  is  between  70  and  80  species.  This  bed  does 
not  exceed  30  feet  in  thickness.  The  lower  portion  being  more 
argillaceous  than  the  upper,  the  fossils,  chiefly  Num.  Biaritzensis 
and  Alveolina  subpyrenaica,  are  easily  detached. 

The  fossils  are 

CUone,  2  sp.  Spines  of  CidaiiB. 

Several  andetermined  Zoophyta.  Temnopleurus. 

Orbitoides  dispansns,  Sow.  sp.  Conoclypleus  Flemingii,  D*Areh. 

Nummulites  Biaritzensis,  If  Arch,  Spatangas  obliquatas  ?,  Saw, 

Operculina  granulosa  ?,  Z«ym.  Hemiaster  and  Schfzaster. 

Alveolina  sm^pyrenaica,  liym.  Teredo,  in  wood  ?,  2  sp. 
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Corbula.  Nerita ;   sp.  tubercuUted. 

Tellina.  Natica  (Globulus). 

CorbiB  ?  2  sp. 

Lucina,  2  sp  ?  Turbo  ? 

Venus.  Trochus  ? 

Cardium,  2  sp.  Cerithium  ? 

Cardita.  Purpura. 

Isocardia  ?  Pleurotoma,  3  sp. 

Area.  Fusus. 

Pectuncnlus.  Pyrula. 

Nucula.  Rostellaria,  1  or  2  sp. 

Chama.  Strombus,  3  sp. 

Modiola.  Voluta,  2  sp. 

Mytilus,  2  sp.  Seraphs. 

Pema.  Cyprsa,  3  sp. 
Spondylus ;  allied  to  S.  DutemplewMu^      Oliva. 

D*Orb,— a  chalk  species.  Pileopsis  (Hipponyx). 

Pecten.  Nautilus. 

Ostrea;  4  smooth  sp.  A  few  nndetermiaed  Mollusca. 

1  plicated  sp.  Crustacea. 

1  vulselliform  sp.  Teeth  of  Shark  (imperfect). 

Anomia.  of  Gyrodus. 

Nerita  (Velates);  allied  to  N.  Scknu-      of  an  undetermined  species  of 

deUma,  Chemn.  Fish. 

The  Alveolina  mbpyrenaica  frequently  occurs  in  the  limestone  along 
the  Frontier.  The  rock  is  sometimes  almost  entirely  composed  of 
these  fossil  bodies,  without  any  other  form  appearing ;  at  other  times 
they  are  associated  with  Nummulites, 

The  Alveolina  is  a  very  characteristic  fossil.  I  have  met  with  it  as 
far  south  as  the  Koi  K^iin,  the  celebrated  but  unfinished  cutting 
made  by  Shdh  A'bbds  in  the  Bdkhtiydri  moimtains  for  the  purpose 
of  conveying  the  water  of  the  Kdrdn  into  the  channel  of  the  Zen- 
denid,  for  the  better  supply  of  the  city  of  Ispdhdn.  The  excavation 
is  made  through  compact  yellow  limestone,  the  surface  of  which  is 
broken  up  into  small  angular  fragments,  and  again  cemented  by  a 
calcareous  paste,  containing  numerous  specimens  of  Nummulites. 
This  bed  is  about  20  feet  thick,  and  is  underlaid  to  the  further  depth 
of  80  feet  by  the  same  yellow  limestone  with  Alveolina,  which  con- 
stitutes the  centre  of  the  mass. 

The  most  northerly  point  at  which  I  found  this  fossil  is  at  Werk- 
&atz,  about  midway  between  Biths  and  Sert,  S.W.  of  the  Lake  of 
Vdn.  It  there  occurs  in  a  hard,  compact,  brownish-blue  Umestone. 
It  is  found  abundantly  also  in  the  province  of  Zohdb,  where  some 
fine  sections  of  the  Nummuhtic  rocks  are  exposed. 

From  Kirrind  the  Nummuhtic  range  is  prolonged  to  the  N.W., 
and,  rising  into  the  lofty  moimtain  of  Dalahii,  is  terminated  by 
abrupt  escarpments  (especially  that  of  Ban  Zardah  before  alluded  to„ 
p.  259,  fig.  2),  where  we  have,  bending  over  a  central  dome,  a  thick- 
ness of  2000  feet  and  upwards  of  a  crystalline  mass  of  grey  limestone, 
in  thick  beds,  compact  and  exceedingly  hard,  with  abundance  of 
Nummulites  and  Alveolifuey  the  upper  beds  with  flinty  concretions 
frequently  takmg  the  form  of  Corals  and  Sponges,  and  containing 
large  Pectines,  Echini,  and  Foramini/era. 

East  of  Zohdb,  blue  calcareous  rotten  shales,  with  thin  layers  of 
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^hite  limestone  without  fossils,  crop  out  from  under  the  ahove 
Dommulitic  limestone.  These  are  underlaid  by  very  considerable 
beds  of  white  and  cream-coloured  compact  limestone,  splitting  in  thin 
layers,  in  which  I  found  portions  of  a  small  Ammonite, — traces  of 
Fuci^ — and  Worm-like  casts.  Blue  shales  similar  to  those  above  lie 
next  in  order.  I  refer  the  beds  below  the  great  limestone  to  the 
Chalk,  but  cannot  say  positiyely  that  the  hmestone  lies  conformably 
upon  them,  though  I  am  inclined  to  believe  that  it  does. 

At  Kiih  i  B^d,  a  lofty  range  bounding  the  plain  of  ZohAb  on  the 
N.W.,  the  upper  layers  of  the  limestone  are  positively  filled  with 
lai^e  N.  eamp/anata,  Lamk.,  and  microscopic  bodies. 

At  the  Derbend  Khanl,  where  the  Shirwdn  River  passes  through 
the  north-western  prolongation  of  the  Bamd  chain,  a  good  section  is 
presented  in  the  chffs  on  the  right  bank  from  a  precipitous  east  face. 
The  beds  bend  from  the  summit  of  the  mountain,  and  dip  on  the 
S.W.  into  the  plain  nearly  yertically,  throwing  off  the  gypsum- 
deposits  in  great  contortions.  The  following  descending  section  of 
1000  feet  (roughly  estimated)  is  observed  on  entering  the  gorge  : — 

1 .  Saccharoidal,  compact,  hard,  white  marble. 

2.  Thick  bed  of  bluish-grey,  calcareous,  indurated  marl. 

3.  Yellowish  calcareous  grit  and  fine  gravel. 

The  whole  of  these  beds  are  conformable  to  each  other,  and  con- 
tain Nummulites  and  Operculince,  The  marl  is  completely  charged 
with  Jlveolirue,  and  is  probably  an  extension  of  the  Kirrind  bed 
No.  6  (fig.  9,  3/).     Lower  beds  are  not  here  exposed. 

An  east  and  west  fault  occurs  at  the  Derbend  Khdnf,  whereby 
the  range  on  the  northern  side  of  the  Shlrw^n  is  thrust  nearly  a 
quarter  of  a  mile  westward  of  the  southern  portion  of  the  chain,  the 
river  flowing  through  the  line  of  fault. 

Kdh  (  Bizen&n  is  a  lofty  range,  connecting  Kiih  (  Bamd  with 
K^rdyez.  The  mountain  is  cleft  in  the  centre,  along  the  line  of  its 
axis,  from  S.E.  to  N.W.,  and  on  either  side  of  the  gorge  or  valley 
thus  formed  the  order  of  conformable  superposition  is  as  follows 
(descending) : — 

1.  Thick  bed  of  crystalline  and  of  compact,  hard,  cherty,  white 

hmestone  (weathering  reddish-yellow),  500  feet;  contains 
Corals,  spines  of  Echinoderms,  and  minute  microscopic  bodies, 
associated  with  Orbitoidea  dispanaus. 

2.  Thin  bed  of  fawn-coloured  lithographic  hmestone,  easily  separable 

into  very  fine  layers,  and  resembling  the  '' paper-Umestone " 
from  the  dolomitic  rocks  of  Marsden,  in  the  county  of  Durham. 
It  is  unfossiliferous  ;  and  thin  lines  of  solid  flint  are  intercalated 
in  the  limestone. 

3.  White  indurated  hmestone  and  fissile  clunch,  greyish  or  fawn- 

coloured,  in  regularly  deposited  thin  beds,  but  of  great  thickness 
in  the  aggregate,  contains  flint-nodules  distributed  at  intervals, 
and  a  few  indistinct  traces  of  Fucoids. 

The  two  lower  beds  of  this  section,  from  the  resemblance  to  the 
limestone  containing  Ammonites,  which  is  intercalated  between  the 
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rotten  blue  shales  at  the  foot  of  D^Uihd,  and  from  numerous  similar 
sections,  are  certainly  referable  to  the  Lower  Chalk  deposits  of 
Europe. 

Other  sections  will  be  alluded  to  showing  the  position  of  the 
Nummulitic  Limestones  with  regard  to  the  Cretaceous  equivalents  ; 
and  it  is  especially  remarkable,  that  while  the  former  are  compact 
and  crystalline,  and  contain  Nummulites  and  allied  forms  of  Forami' 
nifera  in  abundance,  the  latter  are  composed  of  fkwn-ooloured  fissile 
layers,  which  are  softer,  though  sometimes  indurated,  or  of  rotten^ 
blue,  bituminous  shales. 

Although  the  beds  of  the  two  formations  are  conformable  to  each 
other,  the  characteristic  fossils  of  each  never  appear  together  in  any 
intermediate  bed.  Ammonites  only  exist  in  the  fawn-coloured  layers 
of  limestone  and  in  the  blue  shales;  but,  as  soon  as  these  rocks 
cease  and  the  crystalline  limestones  succeed  in  ascending  order,  the 
fossil  forms  are  perfectly  distinct.  How  these  changes  have  occurred 
it  is  exceedingly  difficult  to  explain ;  but  certain  it  is,  that  such  is 
the  fact,  and  that  the  crystalline  is  perfectly  conformable  to  the 
fissile  limestone. 

Altered  Nummulitic  Limestone, — ^To  the  eastward  of  the  deposits 
thus  far  described,  and  extending  from  Persepolis  to  near  Mount 
Ararat,  are  great  mountains  of  highly  crystaJliue,  dark-blue,  and 
fcetid  limestone,  in  dose  proximity  to  the  grand  central  axis  of 
igneous  origin,  which  causes  the  parallelism  of  all  the  exterior  ranges. 
The  crystalline  and  contorted  structure  of  these  deposits  is  neces- 
sarily to  be  ascribed  to  the  protrusion  or  coneealed  presence  of  the 
igneous  mass.  When  stratification  is  apparent,  it  is  so  contorted 
and  crushed  that  there  is  no  possibility  of  tracing  the  beds.  Gene- 
rally all  traces  of  stratification  are  absent,  and  the  mass  is  of  homo- 
eeneous  texture  throughout.  The  colour  of  the  stone  is  usually 
dark-blue,  but  it  sometimes  yaries  to  Hght-grey,  and  even  in  some 
cases  to  white.  It  is  compact,  rough  to  the  touch,  excessively  hard, 
and  heavy,  with  a  saccharoidal  fracture,  and  a  bituminous  or  foetid 
odour  when  struck  with  the  hammer.  It  is  a  good  building-stone, 
assumes  a  fine  poHsh,  and  is  equally  suitable  for  internal  or  external 
decoration,  as  is  well  shown  at  the  deserted  and  ruined  palaces  of 
Persepolis  and  Sdsa. 

When  in  immediate  proximity  to  the  igneous  rocks,  it  becomes 
almost  black,  and  is  traversed  by  innumerable  threads  and  thin  veins 
of  white  carbonate  of  lime.  Mountains  of  this  character  rise  very 
abruptly  from  elevated  plateaux  of  rich  alluvial  soil,  and  are,  as  it 
were,  pinched  up  at  tneir  summits  into  jagged  and  well-defined 
anc;ular  peaks.  Many  of  the  beautiful  plains  between  Isp&h^  and 
Ham^d^  are  bounded  by  picturesque  ranges  and  solitary  peaks  of 
this  hmestone. 

The  Rock  of  Bisdtdn,  so  frequently  described  by  antiquarians,  is  a 
veiT  fine  example. 

Mr.  Hamilton,  in  his  "Observations  on  the  Geology  of  Asia 
Minor"  (Quart.  Joum.  Geol.  Soc.  vol.  iv.  p.  367),  describes  deposits 
of  similarly  altered  character  as  occurring  to  the  W.  and  N.W.  of  the 


Digitized  by 


Google 


LOFTU8— TURKO-PERSIAN  FRONTIER.  281 

region  under  consideration^  and  he  classifies  them  proyisionally  as 
"  Lower  Secondary."  At  first  meeting  with  these  rocks,  I  was  in- 
duced to  regard  them  in  the  same  light,  but  after  having  examined 
them  in  various  localities  and  under  various  conditions,  I  am  satisfied 
that  the  most  considerable  portion  is  referable  to  the  Nummulitic  age, 
and  that  other  portions  belong  to  the  Secondary  and  even  Palceozoic 
Series. 

The  lithological  character  and  homogeneous  structure  of  these 
rocks  are  everywhere,  however,  so  predsdy  similar,  as  utterly  to  pre- 
clude the  possibility  of  my  pointing  out  any  decided  Hne  of  geological 
demarkation  (although  their  western  boundary  is  tolerably  well  de- 
fined) ;  and  it  is  to  the  fossil  contents,  therefore,  that  we  must  look 
for  information. 

It  may  be  imagined  that  in  deposits  so  altered  and  metamorphosed 
as  these  are,  the  presence  of  organic  remains  is  exceedingly  rare.  I 
have  been  so  fortunate,  however,  as  to  meet  with  a  few  ^ssils ;  and, 
although  these  are  very  indistinct  and  contorted,  I  satisfied  myself  at 
the  spots  in  which  they  occur  (except  in  one  instance  *),  that  thev 
rather  belong  to  the  Tertiary,  than  to  any  earlier  geological  period. 
The  really  characteristic  forms  of  Nummulites  and  their  allies  it  is 
true  are  absent,  but  so  are  also  Ammonites  and  the  peculiar  fossils  of 
the  secondary  and  older  rocks.  At  Bisdtdn  I  observed  a  large 
buccinoid  shell, — at  Persepolis,  hear  the  tombs  of  the  kings,  are 
Otirra,  Cardium^  Turritella,  Fttsusl,  Echinites,  and  Zoophyta  more 
abundant  than  in  any  other  observed  locality  of  this  rock. 

It  may  be  objected  to  my  supposition  of  these  rocks  chiefly  belong- 
ing to  the  Tertiary  period,  that  they  for  the  most  part  rise  too  boldfy 
from  the  plain,  and  constitute  a  too  well-defined  N.W.  and  S.£.  line 
invariably  to  the  east  of  the  undoubtedly  Cretaceous  deposits ; — that, 
while  the  mountains  composed  of  Nummulitic  rocks  have  their  sides 
and  frequently  their  summits  clothed  with  rich  forest-trees,  the  blue 
crystalline  limestone  is  totally  devoid  of  trees,  and  generally  of  vege- 
tation ; — and  that  the  jaggea  and  serrated  crests  of  the  latter  form  a 
remarkable  contrast  with  Uie  smooth  and  regular  outline  of  the  former. 
These  differences  might  appear  to  point  to  a  difference  in  the  geolo- 
gical age  of  the  two  rocks,  but  they  may  surely  be  accounted  for  by 
the  abrupt  fracture  and  separation  of  their  masses  during  elevation 
and  crystallization,  and  by  the  altered  state  of  those  portions  in  proxi- 
mity to  the  igneous  axis. 

I  do  not,  however,  insist  upon  the  correctness  of  my  assumption ;  it 
must  rather  be  considered  as  a  provisional  arrangement,  untU  further 
information  is  obtained  to  enable  us  to  decide  satisfactorily  on  the  sub- 
ject. At  present  we  have  very  insufficient  data  to  enable  us  to  de- 
termine the  question. 

The  section  (fig.  10)  between  Kerm^sh^  and  Asivl^  shows  the 
eruption  of  granite  and  syenite  (accompanied  by  green  porphyry  and 
serpentine,  and  trap-rocks)  through  the  limestone  which  I  believe  to  be 
of  the  tertiary  age.  In  rising  the  MewM  Pass  we  find  the  limestone 
is  8o  altered  by  the  intrusion  of  trap-veins  as  to  be  converted  into 
*  See  page  290. 
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a  dark-green  heavy  chert  and  cherty  hreccia,  weathering  hrown.  A 
small  patch  of  the  same  Umestone  is  observed  on  the  north  side  of  the 
Pass  in  the  descent  of  the  valley  between  Asdvld  and  the  G^rd^ni  i  Dd 
Broder.     It  rests  at  a  steep  angle  high  up  on  the  slope  of  the  range. 

It  is  not  requisite  to  multiply  examples  of  this  kind,  which  are 
exceedingly  numerous. 

"  Tangs,*'*  or  transverse  Clefts  in  the  limestone-saddles. — ^Before 
quitting  the  subject  of  the  Nummuhtic  rocks,  I  must  not  omit  to 
mention  the  numerous  and  enormous  clefts  which  pass  through  the 
elongated  limestone-saddles. 

These  clefts,  or  "  Tangs  "  (as  they  are  called  in  Persian),  are  the 
most  peculiar  feature  of  the  Nummuhtic  rocks. 

All  the  great  rivers  which  fall  into  the  Tigris  from  the  east  rise  in 
the  interior  of  the  Zagros ;  and,  as  their  course  is  generally  from 
north  to  south,  they  cross  the  ridges  of  the  great  chain  diagonally. 
The  manner  in  which  this  is  effected  is  very  remarkable.  Instead  of 
flowing  in  a  S.E.  direction  along  the  trough  which  separates  two 
parallel  limestone-saddles,  and  by  this  means  working  out  their 
channel  in  the  soft  rocks  of  the  gypsiferous  series,  or  of  the  alluvium, 
and  afterwards  rounding  the  end  of  the  saddle  at  the  point  where  the 
extremity  of  its  visible  axis  dips  under  the  overlying  deposits,  each  of 
these  rivers  takes  a  direction  at  right  angles  to  its  former  course,  and 
passes  directly  through  the  Hmestone-range  by  means  of  a  '*  Tang," 
^— which  appears  almost  to  be  formed  expressly  for  the  purpose.  On 
reaching  the  next  gypsum-trough,  it  follows  its  original  S.E.  course, 
and  again  passes  through  the  next  chain  in  the  same  manner,  until 
it  reaches  the  plains  of  Assyria  and  Siisiana.  The  Tangs  are  not 
situated  at  the  lowest  or  narrowest  portion  of  the  range,  but  most 
frequently  divide  it  at  its  highest  point,  and  expose  a  perpendicular 
section  of  1000  feet  and  upwards.  The  width  of  Tangs  varies  con> 
siderably,  sometimes  being  exceedingly  narrow,  and  at  other  times  a 
mile  or  more  across. 

It  is  quite  out  of  the  question  to  suppose  that  the  riveri  them- 
selves have  been  in  the  least  degree  instrumental  in  cutting  these 
clefts ;  for,  if  so,  we  should  expect  to  find  a  lacustrine  deposit  in  each 
trough  between  the  Hmestone-saddles.  There  are  no  such  deposits. 
Moreover,  if  the  rivers  had  been  pent  up  in  the  troughs,  they  would 
certainly  have  forced  their  passage  through  the  soft  gypsiferous 
rocks,  rather  than  through  the  massive  crystalline  barriers. 

That  Tangs  are  due  to  the  tension  of  the  cooling  mass  at  right 
angles  to  the  axis  of  the  chains  in  which  they  occur,  and  have  been 
formed  during  the  cooling  of  the  crystalline  mass  is,  I  think,  self- 
evident,  the  entering  and  re-entering  angles  on  either  side  of  a  Tang 
exactly  correspondmg  with  each  other.  The  best  example  of  this  Is 
shown  in  the  Derbend,  or  Pass,  between  the  plain  of  Denever  and 
that  of  Chambdtdn,  behind  and  east  of  the  celebrated  rock-sculptures 
of  Bisutrin,  near  Kerm^sh&h.  This  tang  is  no  less  than  ten  miles 
in  length,  and  one  and  a  half  in  breadth,  and  has  three  salient,  and 
two  re-entering  angles  on  the  N.W.  side,  with  corresponding  bays 
and  projections  on  the  other. 
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Tangs  are  so  namerous  that  it  would  be  useless  to  enumerate 
them.  The  following  may,  however,  be  mentioned  as  fine  ex- 
amples : — the  Gorge  of  the  Ab  f  Z^  at  Kirki, — of  the  Kdshghdn 
Riyer,  at  Piil  i  Jaidar,— of  the  Kerkih  at  Ptil  i  Tang,  through  Kdh 
i  Vajzandah  into  the  plain  of  Seimarrah,— ^f  Tang  i  Zimsa  *,  through 
Kuh  i  Charmin, — and  of  the  Shirwdn,  through  the  Derbend  Kh&iii. 

LonffittttUfuU  Fractures. — But  these  chains  have  also  been  rup- 
tured along  the  line  of  their  central  axis,  as  at  Kdh-i-Bizendn.  This 
kind  of  fracture  is  not,  however,  of  nearly  such  frequent  occurrence  as 
the  former ;  but,  when  it  does  occur,  valuable  sections  are  afforded  us. 

Tangs  have  probably  been  produced  instantaneously  by  the  cooling 
of  the  mass,  but  fracture  along  the  line  of  axis  appears  to  be  due  to 
another  cause,  viz.  to  the  resistance  offered  by  the  overlapping  of  the 
namerous  beds  during  their  elevation  from  an  horizontal  position. 
This  kind  of  fracture  is  frequeutlv  observed  on  the  summit  of  a  lime- 
stone-saddle ;  where  the  upper  layers  are  broken,  while  the  central 
mass  remains  entire.  A  very  striking  example  of  this  occurs  in  the 
rock  of  Bdrrindf ,  where  the  uppermost  beds,  acted  upon  by  the 
intensity  of  the  subterranean  force,  are  bent  down  almost  vertically, 
and  broken  off  near  the  summit  of  the  rock,  presenting  a  strange 
pinnacled  and  drawn-out  appearance  of  the  broken  edge,  as  if  torn 
asunder  while  in  a  plastic  state.  Time  and  weather  have  of  course 
had  their  effect  in  channeling  and  fashioning  these  pinnacles  in  some 
measure  to  their  present  forms,  but  their  origin  must  be  attributed 
to  the  cause  assigned. 

Besides  these  clefts  traversing  along  the  axis  of  the  saddles,  there 
are  numerous  other  parallel  crevices  upon  the  surface  of  all  chains, 
which  must  be  due  to  similar  causes.  They  are  of  various  lengths 
and  depths,  but  usually  not  exceeding  a  few  feet  across. 

Vertical  crevices  are  well  marked  on  the  north-western  extremity 
of  the  Chendri  range,  upon  the  right  bank  of  the  Ab-(-Z^. 

III.  Secondary  Rocks. 

As  we  proceed  downwards  in  geological  sequence,  it  becomes  a 
matter  of  impossibility  to  define  the  precise  limits  of  the  Secondary 
Rocks. 

Organic  remains  are  much  more  rare  than  in  the  Tertiary  forma- 
tions, and  they  are  in  such  a  crushed  state  as  almost  to  defy  the 
practised  eye  of  the  palaeontologist.  Sections  are  also  more  difficult 
to  be  met  with,  and  the  beds  are  frequently  so  altered  by  their  con- 

*  Mr.  Loftoi's  Memoir  is  accom|>anied  by  several  water-colour  sketches  of 
localities  interestinap  in  a  geological  point  of  view,  by  himself  and  Mr.  H.  A. 
Chorchill,  the  Secretary  of  the  English  Commission.  Amongst  these  the  outline 
sketch  No.  III.  represents  the  Tang  i  Zimsa,  through  Kfih  i  Chirmin,  as  seen 
£rom  near  the  range  above  KayUn ;  it  presents  the  peculiar  features  of  tangs  in 
general. 

Mr.  Churchill's  sketch,  No.  IV.,  exhibits  the  gorge  of  the  Kashghan  at  Pul  i 
Jii'dar,  in  which  the  strata  are  seen  curving  to  the  S.W. — £o. 

t  Mr.  ChurchiU's  drawings  No.  V.  and  VI.  accompanying  the  MS.  Memoir 
illustrate  this  locality. — Ed. 
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tact  with  igneous  rocks  near  the  central  axis  as  to  render  their  deter- 
mination daring  rapid  travelling  quite  out  of  the  question. 

In  the  upper  part  of  the  ^ondary  Rocks  of  the  ZiLgros  some 
portion  of  the  Cretaceous  Series  is  certainly  represented,  but  where 
to  draw  the  line  of  its  basement  is  not  easily  determined. 

In  one  locality  the  blue  schists  of  this  formation  appear,  however, 
to  pass  downwards  imperceptibly  into  the  crystalline  blue  limestone 
which  constitutes  the  eastern  portion  of  the  mountain  ranges  on  the 
Frontier. 

1 .  Upper  Secondary  or  Cretaceous  Series. 

In  describing  the  Nummulitic  Series,  I  have  already  referred  to  a 
few  sections  in  which  the  beds  of  the  Cretaceous  age  are  apparently 
overlaid  conformably  by  those  older  Tertiary  Rocks. 

Along  the  Frontier  no  sections  fell  under  my  observation  which 
were  sufficiently  well  developed  to  place  this  fact  beyond  a  doubt ; 
and  it  was  only  in  the  interior  of  the  B^khtiydri  Mountains  that  I 
was  fortunate  enough  to  satisfy  myself  completely  on  the  subject. 

Section  (fig.  11)  from  Mdl  A' mi  to  Ser  KUn,  Bdkhtiy&ri  Moun- 
tains.— ^This  section  is  on  the  direct  road  between  KdULh  Tdl  and 
Isfdh^. 

The  crystalline  (cretaceous)  limestone  forming  the  range  of  Kil- 
gird  having  been  crossed  from  the  plain  of  M^-A'mir  by  the  Rih-(- 
Siilt^,  the  Kdr^  River  is  reached  in  a  narrow  valley,  flowing  through 
a  gravel-deposit  which  rests  in  a  trough  of  the  gypsum-series.  On 
quitting  the  river  the  road  is  carried  by  a  steep  ascent  up  the  prettily 
wooded  ravine  of  Rlk^t  over  reddish-yellow  sandstones,  blue  and  red 
marls,  and  gypsum,  in  the  same  order  of  succession  as  elsewhere  ob- 
served ;  the  dip  being  sHghtlv  towards  the  Ktir^n,  but  a  good  deal 
disturbed.  From  the  hen^  or  the  ravine  an  undulating  plain  of  con- 
torted sandstones  and  marls,  well-wooded,  is  crossed  to  the  village  of 
Deh-i-Diz,  at  the  foot  of  the  Mush  Kuh.  The  western  side  of  the 
range  is  composed  of  indurated  cream-coloured  dunch,  without  fos- 
sils, which,  after  the  first  steep  ascent  from  Deh-i-Diz,  forms  an 
excellent  road  to  the  summit.  This  rock  dips  at  a  great  angle  to 
the  west,  adapting  itself  to  the  saddle-shaped  curve  of  the  central 
mass.  Near  the  summit,  however,  the  clunch  ceases,  and  the  under- 
lying rock  appears  from  beneath  it, — at  first  having  the  same  westerly 
inclination,  but  gradually  at  the  summit  curving  over,  until  it  dips  at 
an  angle  of  45°  in  the  opposite  direction.  This  rock  (fig.  1 1,  4  c) 
is  a  hard,  light-grey,  and  indurated  limestone,  belonging,  I  conceive, 
to  the  Upper  Chalk,  since  I  found  in  it  a  fragment  of  a  SpheruHte*. 
After  a  descent  of  several  hundred  feet,  this  limestone  is  overlaid  by 
fissile  blue  shales  and  indurated  marl  (4  h)  having  the  same  dip. 

The  Mew^i  Pass  is  next  crossed,  in  the  ascent  of  which  the  lime- 
stone beds  (4  a)  occur  in  ascending  order. 

*  For  remarks  on  Radiotitet  (^haruUtet)  in  general,  and  for  a  notice  of  the 
specimens  of  Hippuritet  which  Mr.  Loftus  brought  from  the  East,  see  Mr.  Wood- 
ward's  Memoir,  Quart.  Jonm.  Geol.  Soc.  No.  41,  Feb.  1855.  The  locality  for  the 
Asiatic  Hippurites  there  described  should  have  been  Hakim  Khan  in  Turkey  in 
Asia,  instead  of  the  B&khtfy&ri  Mountains.»£D. 


Digitized  by 


Google 


I.0FTU8 — TXJRKO-PERSIAN  FRONTIER,  285 

The  cream-coloured  limestone,  containing  marks  offueiy  appears  to 
pass  imperceptibly  into  the  overlying  Nummulitic  Rocks  (3), -which 
are,  as  nsual,  highly  crystalline,  and  contain  Nummulites  and  Pectens*. 

The  summit  of  the  Pass  consists  of  this  crystalline  limestone,  and 
the  descent  eastward  to  the  Ab-i-B£zuft  is  over  the  same  beds,  dip- 
ping at  an  angle  of  70^.  On  the  right  bank  of  this  river,  which  flows 
through  a  wild,  confined,  and  deep  gorge,  the  limestone  becomes  less 
crystalline  and  more  marly,  and  an  inconsiderable  bed  contains  Sharks' 
teeth,  Nummulites,  Pectens,  &c.,  similar  to  those  at  Piil-i-Tang 
(p.  275). 

This  marly  bed  is  soon  concealed  by  a  powerful  series  of  the  gypsi- 
ferous  rocks,  which  rise  from  the  Ab-i-Bazuft  into  high  cliifis  of 
gypsum  and  of  red  and  fawn-coloured  earths,  mingled  with  gravel- 
conglomerate  and  breccia,  in  a  confused  mass,  as  if  the  bed  had  been 
shot  off  the  side  of  Merwdri  during  its  sudden  elevation.  Masses  of 
gravel-coqglomerate  lie  in  the  bed  of  the  stream,  and  high  up  on  the 
slopes  of  the  mountain  through  which  the  Ab-i-Bazuft  flows,  f 

In  this  section,  then,  we  have  between  the  Sphaerulitic  limestone 
and  the  Nummulitic  rocks  a  series  of  blue  marls  and  cream-coloured 
limestones,  the  latter  passing  imperceptibly  into  the  Nummulitic  rocks. 

Unfortunately  these  marls  and  limestones  are  without  characteristic 
fossils,  but,  as  I  have  elsewhere  remarked,  as  soon  as  the  Nummulitic 
rock  assumes  its  usual  crystalline  appearance,  the  peculiar  and  very 
characteristic  remains  of  that  series  show  themselves  in  remarkable 
abundance.  If  we  had  only  this  section,  we  should  be  at  a  loss 
whether  to  consider  the  marls  and  cream-coloured  Hmestone  as  be- 
longing to  the  cretaceous  or  to  the  Nummulitic  rocks.  Fortunately 
we  nave  elsewhere  sufBcient  evidence  of  organic  remains  to  prove  that 
they  must  be  undoubtedly  classed  as  cretaceous.  It  is  very  remark- 
able, however,  that  in  no  instance  have  I  met  with  any  admixture  of 
chalk  and  nummulitic  fossils,  although  a  gradual  transition  certainly 
takes  place  in  lithological  character. 

Having  shown  the  above  regular  order  of  superposition,  I  now 
refer  to  sections  of  the  blue  marls  and  cream-coloured  limestones, 
containing  chalk-fossils,  as  observed  in  other  localities. 

Tlie  first  locality  at  which  undoubted  chalk-fossils  were  discovered 
in  the  cream-coloured  lithographic  limestone  was  in  the  plain  of 
Bishiwah. 

The  south-eastern  extremity  of  this  plain,  which  bounds  the  Ban- 
i-Zardah  on  the  south,  is  k  cul  de  sac,  formed  by  the  Nummulitic 
limestone  ranges  of  Zangalean  and  Tauk-i-Girrah  on  theN.E.,  Nuah 
Kuh  on  the  S.E.,  and  Dukani  Ddoud  on  the  S.W.  These  moun- 
tains present  precipitous  faces  to  the  plain,  and  have  their  bases  so 
much  encumbered  by  loose  rocks  and  debris  as  entirely  to  conceal 
the  position  of  the  lower  beds  of  the  Nummulitic  series  in  relation 

*  Unfortunately  my  specimens  from  these  localities  are  lost. 

t  A  few  miles  N.E.  of  this  stream  (bnt  before  reaching  the  left  bank  of  the 
Kiiran  at  Dn  Pulim)  I  procured  from  a  hard  rock  of  the  blue  marly  limestone  a 
gigantic  species  of  AheoHnat  3  inches  in  length. 
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to  the  underlying  series.  Near  the  valley  of  Khoereudbad,  at  the 
foot  of  the  Tauk-i-G{rrah  Pass,  however^  a  long  low  hill  rises  from 
the  level  of  the  plain  and  extends  towards  the  N.W.  It  forms  a 
saddle  of  cream-coloured  lithographic  limestone,  which  is  compact, 
hard,  and  sometimes  crystalline,  and  consists  of  innumerable  thin 
layers  which  easily  separate  by  a  blow  with  a  hammer.  It  contains 
thin  tabular  beds  of  milky-white  or  blackish  flint.  As  the  beds  of 
the  surrounding  ranges  all  dip  from  the  plain  at  a  slight  angle,  and 
as  the  lithographic  limestone  apparently  is  the  axis  of  elevation,  there 
is  every  reason  to  conclude  that  the  Nummulitic  limestone  rests  con- 
formably  upon  it,  especially  as  in  the  neighbouring  locality  of  Kiih- 
i-Bizenan  this  is  undoubtedly  the  case. 
The  limestone  contains  crushed  specimens  of 

Turrilites ;  resembling  T,  tuberculatum.  ^ 

Belemnites.  I 

Ammonites ;  one  of  them  2|  feet  in  diameter.  [ 

A.  planulatus.  Saw,  (A,  Mayorianus^  D*Orb.)J 

Pecten. 

Turrited  Univalve. 

Fuci. 

I  have  already  alluded  (p.  279)  to  the  section  exposed  by  the  deft 
along  the  axis  of  Kuh-i-Bizenan,  a  few  miles  to  the  N.W.  of  the  last 
section.  The  cream-coloured  limestones  are  there  of  considerable 
thickness,  devoid  of  fossils,  but  undoubtedly  overlaid  conformably  by 
nummulitic  rocks. 

At  other  localities  a  somewhat  different  order  prevails,  and  thick 
deposits  of  blue  bituminous  marls  occur  between  the  nummulitic  and 
cream-coloured  limestones,  as  at  the  base  of  Kuh-i-D^&u,  east  of 
Zohab. 

This  is  especially  observable  in  the  Kirrind  and  Mahidesht  section 
(p.  275,  and  fig.  9,  p.  332),  in  which  the  following  apparently  conform- 
able order  of  superposition  at  Kalah  Kazi  has  been  noticed. 

7.  (a  g.)  Compact,  hard,  arenaceous,  grey,  and  white  limestone,  in 
thick  layers ;  of  the  Nummiditic  series. 

9.  (4  a  and  4  a*.)  Schistose,  bituminous,  grey  or  dark-blue,  indu- 
rated, calcareous  marls,  and  fissile  clays« 

10.  (4  5.)  Cream-coloured  limestone,  splitting  into  very  thin  layers, 
sometimes  with  crystalline,  arenaceous,  and  sonorous  bands; 
traversed  by  veins  of  quartz. 

The  beds  s  g  and  4  b  agree  in  so  remarkable  a  manner  with  the 
beds  4  fi?,  4  6,  4  a  of  the  Bakhtiydri  section  (p.  284,  and  fig.  1 1,  p.  334) 
as  to  lithological  character,  that  they  may  be  recognized  at  a  glance. 
They  are  very  largely  developed,  and  from  Gdw^r^h  their  course  is  well 
marked  by  the  valley  of  the  Ab-i-Zdmikdn,  which  flows  along  their 
line  of  junction.  Towards  the  N.W.  the  beds  gradually  sink  down  into 
the  plain  of  Bivaoij,  where  they  are  covered  by  a  thin  layer  of  alluvial 
soil ;  and,  after  passing  under  the  mass  of  the  Ddl^hd  range,  they 
again  appear,  as  before  stated  (p.  278),  in  the  wild  hills  east  of  Ziohib; 
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extending  thence  in  the  same  direction,  east  of  Rt&h-i-Bamti,  to  the 
Shirw^  Biyer,  beyond  which  I  have  not  examined  the  r^on. 

On  the  west  side  of  the  KdlKh  K^i  Hange  (fig.  9),  above  a  small 
village  called  Chiabtir,  the  strata  dip  at  angle  of  45^  to  the  N.£. 
The  arenaceous  limestone  (3^)  lies  at  the  top,  and  is  underlaid  by  a 
thick  series  of  schists  (4  a  and  4  a*\  with  a  few  layers  of  a  lighter- 
grey  colour.  Lying  diagonally  in  one  of  tbe  indurated  beds,  which 
is  itself  bituminous,  I  found  a  large  unshapely  mass  of  a  compact, 
bright,  lustrous  bitumen ;  which  at  first  sight  might  be  mistaken  for 
canuel-coal.  Its  fracture  is  foliated  ;  and  its  specific  gravity  much 
less  than  coal,  but  heavier  than  jet ;  it  is  not  electrical  by  friction  ; 
leaves  a  slightly  brown  mark  on  paper  when  rubbed  hard ;  bums 
when  exposed  to  the  flame  (but  not  well) ;  and,  of  course,  emits  a 
strong  bituminous  odour. 

In  the  centre  of  the  mass  was  a  brown,  striated,  roundish  Carpo- 
lite, — while  the  marl  close  by  contained  the  spinous  stem  or  root  of 
a  plant,  two  inches  in  diameter, — a  small  bivalve  (apparently  a  iVu- 
cula)y — and  specimens  of  a  smooth  Terebratula  (resembling  T.  car^ 
nea)  which  were  found  in  a  batch  in  this  particular  spot,. as  if  these 
animals  had  a  particular  penchant  for  the  plant  or  minend. 

It  struck  me  at  the  time  of  the  discovery  that  the  mineral  was 
derived  from  a  bitumen- spring  in  the  cretaceous  sea,  around  which 
the  TerebratuUe  had  congregated.  It  is  certainly  a  very  curious 
association  of  animal,  vegetable,  and  mineral. 

To  the  east  of  Kdlah  Kazi  the  bituminous  blue  marls,  with  asso- 
ciated reddish  and  white  bands,  appear  in  the  plain  of  Mahidesht,  at 
the  south-east  extremity  of  which  the  ZAngaledn  range  intervenes 
between  it  and  the  plain  of  Kerm&nsh^.  The  range  is  composed  of 
yellow  fissile  limestone  (4  b  of  Section  fig.  9),  dipping  to  the  N.£.  at 
an  angle  of  2,5°,  and  overlying  the  marls.  The  dip  of  the  latter  could 
not  be  detected,  as  their  outcrop  was  concealed  by  debris.  The 
limestone,  however,  contains  numerous  AmtnoniteSy  of  the  same  spe- 
cies as  those  at  Khosrau^b^,  in  the  plain  of  Bishiwah  (p.  286),  and 
appears  to  be  overlaid  by  beds  of  hard  red  chert,  which  rock  again 
appears  on  the  hill  W.  of  the  town  of  Kerm^sh^,  at  the  burial- 
ground. 

From  Kcrmdnshilh  towards  the  S.£.  opportunities  did  not  occur 
of  tracing  the  exact  course  of  the  cretaceous  rocks.  During  rapid 
journeys  of  the  English  Commission,  beds  apparently  of  this  age 
were  observed  in  several  locaHtiea. 

The  south-western  side  of  the  plain  of  Kermansh&h  is  bounded  by 
a  range  of  low  white  limestone  hills  (fig.  10),  through  which  the 
united  waters  of  the  ILkrk  Sd  and  the  Gam^ab  force  their  passage. 
These  limestones  dip  to  the  S.W.,  and  are,  I  imagine,  an  extension 
of  the  Gaw^irdh  and  ZdngiOe^  cretaceous  beds,  containing  Amnuy- 
fiites,  &c.     I  did  not,  however,  visit  this  portion  of  the  chain. 

At  Khorremabdd  the  lofly  and  imposing  range  of  the  Yaftah  Kuh 
rises  abruptly  from  the  plain  (fig.  4,  p.  329),  and  is,  in  my  opinion, 
of  the  cretaceous  age.  It  consists  of  light-grey  or  bluish  cherty 
limestone,  with  alternating  and  continuous  layers  of  variously  co« 
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loured  flint,  chiefly  black.  The  limestone  is  exceedingly  hard  and 
compact,  breaks  with  a  conchoidal  fracture,  and  emits  a  highly  bitu- 
minous odour  when  struck.     It  is  unfossiliterous. 

A  saddle  is  formed  by  the  curvature  of  the  beds,  the  continuity  of 
which  is,  however,  broken  at  the  summit.  At  the  centre  a  good  deal  of 
zigzag  contortion  is  perceptible  in  the  lower  beds ;  but  this  gradually 
becomes  less,  and  eventually  dies  out  in  the  upper  beds.  The  dip  on 
the  south  is  at  an  angle  of  37°,  and  on  the  north  25^. 

On  quitting  KhorremabM  in  a  N  .W.  direction  the  stratification  in 
the  raUey  of  the  river  which  waters  the  town  is  concealed  under 
loose  gravel ;  but,  about  half-way  to  Rob^t  a  considerable  range  of 
gravel-conglomerate  is  crossed,  dipping  to  the  N.N.E.,  at  an  angle  of 
68°.  It  is  almost  entirely  composed  of  red  and  coloured  chert-peb- 
bles, moderately  rounded,  and  not  exceeding  six  inches  in  diameter. 
The  red  cherts  are  by  far  the  more  abundant.  limestone-pebbles 
are  rare.  The  matrix  is  a  reddish  calcareous  sand,  very  hard.  This 
conglomerate  is  overlaid  by  a  thin  bed  of  light-grey  crystalline  lime- 
stone, in  which  was  observed  a  specimen  of  the  Pul  i  Tang  species 
of  ScuteUa, 

The  chert-conglomerate  and  grey  limestone,  I  conceive,  may  re- 
present the  lowest  part  of  s  a  and  a  6  of  the  Mungerrah  Section, 
p.  272,  and  fig.  8,  p.  331. 

The  stratification  between  Rob^t  and  Bisiitdn  is  much  disturbed, 
and  the  rapidity  of  our  march  across  it  was  not  favourable  to  geo- 
logical investigation.  There  were  noticed,  however,  several  bands  of 
iron-stone. 

In  describing  the  section  fig.  4  (pp.  264  &  274),  I  have  hinted  the 

Probability  that  the  blue  bituminous  shales  and  marls  (4  d)  between 
'ang  i  Kh4show  and  Deh  i  Liz  belong  to  the  cretaceous  series. 
Their  position  with  regard  to  the  overlying  reddish  sandstones  (4  c), 
containing  bands  of  iron-stone,  beneath  the  nummulitic  limestone,  as 
well  as  their  striking  resemblance  to  similar  beds  at  K^iih  K^ 
(p.  276,  4  a  in  fig.  9,  p.  332)  Zohdb,  and  the  B^khtfy^  section 
(p.  284,  4  6,  fig.  11,  p.  334),  certainly  favour  this  conclusion. 

The  next  point  in  a  S.E.  direction  at  which  I  met  with  cretaceous 
rocks  is  the  Kils;ird  Range,  on  the  Kdrdn,  between  M^  A'mfr  and 
Sds^n,  in  the  Bakhtiydn  Mountains.  This  range  is  of  a  light-grey, 
compact,  and  sometimes  crystalHne  limestone,  containing  Ammonite»^ 
— a  small  plicated  O^trea, — a  F«it«,— and  turbinated  and  turrited 
Univalves.  The  beds  are  much  crushed  and  contorted,  but  dip 
generally  to  the  S.W.,  as  is  evident  in  the  ascent  of  the  Pass  from 
M41  Amir,  where  their  surface  is  so  smooth  and  slippery  as  to  render 
it  a  most  difficult  task  for  either  man  or  beast  to  stand  upon  his  legs. 
Still  further  south-eastward,  between  K&ldh  Tdl  and  Isfiih^n,  we 
have  the  well-developed  Section  (fig.  11,  p.  334),  which  so  admirably 
exposes  the  various  beds  between  the  Sphserulitic  limestone  and  the 
Nummulitic  Rocks. 

The  most  south-easterly  point  reached  by  our  Commission  was 
M^re  i  SdleimAn  (the  Pasargadee  of  the  Greeks),  at  which  place  the 
ruined  K^bi  is  built  of  a  yellowish-white  fine-grained  marble,  con- 
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tainiiig  plicated  Terebratula  {RkynchaneU€e)y  and  apparently  Corals, 
Exoffyray  &c.,  referable  to  the  Chalk.  The  stone  was  not  observed  m 
the  immediate  locality,  bnt  Baron  de  Bode,  in  his  ^'  Travels  in  Louns- 
tan"  (vol.  i.  p.  79),  says  that  "he  heard  of  quarries  of  this  stone 
near  Deh-bid,  about  9  farsangs  (or  27  miles)  to  the  north  of  Mdr- 
gdb,  and  that  there  are  none  nearer." 

Between  this  place  and  Persepolis  the  range  which  bounds  the 
plain  of  Kemin  on  the  south,  dipping  at  an  angle  of  65°  towards  the 
N.E.,  is  composed  of  beds  of  yellow  clunch,  overlaid  by  ciystalline, 
white,  unfossiliferous  limestone.  In  the  clunch-beds  I  found  a  single 
crashed  specimen  of  Ammonite. 

^  [Note, — The  localities  that  have  yielded  Cretaceous  fossils  appear 
to  have  been — 

Eiut  o/Zohdb  (p.  279).  Zdnffdledn  Range  (p.  287). 

Small  Ammonite.  Ammonites. 
P^^'  KUgird  Range  (p.  288), 

Worm.ca8t8.      ,       ^       .  ,  Ammonites. 

BiAbl  (p. 273).  Small pUcatc Ostrea. 

Ammomtes.  Venus. 

Muah  Kiih  (p.  284).  Turbinate  and  turrited  Unimlvcs. 
Radiobtes. 

Kaldh  KdA  (p.  287).  ^  ^**«'  ?  (P-  289). 

Terebratula  (like  T,  eamea,  Sow.).  Rhynchonelte. 

Nucula  ?  Exogyra. 

Plant-remains.  Corals. 

Big^wah  Plam  (p.  286).  Imdm  Meer  Jchmef  (p.  289,  h^fira), 

Toirilites;  resembling  T,  tubereulaiut.      Ammonites. 
Ammonites,  one  of  them  2ift.  in  diam.     Volata. 

Am.  plannlatus.  Tellina. 

Bdemnitea.  Grypbaea. 

Pecten.  Serpula. 

Turrited  Univalve.  _  . 

Pud.  —BDrroR.] 

2.  Lower  Secondary  Series. 

In  describing  the  Nummulitic  rocks,  I  have  remarked  that  some 
portions  of  the  great  masses  of  altered  and  foetid  blue  limestone  may 
belong  to  the  Lower  Secondary  Series  (p.  281).  That  such  is  the 
case  cannot  be  doubted  in  many  instances,  seeing  that  the  altered 
limestone  is  certainly  overlaid  by  the  Cretaceous  rocks,  as  shown  in 
sections  figs.  12  &  13,  p.  335  &  336. 

At  Imdm  Meer  A'chmet,  between  Bdsht  and  Fayladn,  the  neigh- 
bouring range  is  composed  as  follows  : — 

1.  Hard,  yellow,  compact,  crystalline  limestone,  probably  belonging 
to  the  Nummulitic  Limestone*  In  the  lowest  beds  it  becomes 
cream-coloured,  and  passes  into — 

2.  Hard,  reddish,  grey  or  cream-coloured,  lithographic  limestone, 
very  compact,  but  splitting  into  thin  layers,  with  abundant  spe- 
cimens of  Jmnumitea  (crushed),  Gryphaa^  Serpula,  TeUina, 
and  Foluta. 

Interstratifiedwith  this  limestone  are  numerous  tabular  layers 
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of  a  black  siliceous  substance,  giving  out  a  remarkably  strong 
odour  of  bitumen,  when  struck. 
3.  Highly  crystalline,  blue,  foetid  limestone. 

At  the  Pass  between  the  plains  of  Ser  A'b  i  Sir  and  FavlatSn  (Sec- 
tion, fig.  12),  the  blue  limestone,  s,  is  much  contorteci,  and  sur- 
rounded by  the  yellow,  4,  which  appears  to  be  conformably  deposited 
upon  it. 

In  this  neighbourhood  the  yellow  limestone  constitutes  the  sum- 
mits of  many  isolated  tabular  forts,  and  rests  on  a  base  of  blue  lime- 
stone.    The  notorious  Kil&h  Seffeed  is  a  fine  example  of  this. 

IT.  Paljbozoic  Rocks. 

The  only  instance  in  which  undoubted  deposits  of  this  age  wCTe 
observed  by  me  was  on  the  east  side  of  the  Ktih  (  Kellar  range,  be- 
tween Naughtin  and  the  plain  of  Cherdghdr,  in  the  heart  of  the 
Bukhtiydrl  Mountains.  This  range  is  composed  of  the  ambiguous, 
altered,  blue  Hmestone ;  but  I  had  only  an  opportunity  of  examining 
an  insignificant  portion  of  it,  overlooking  the  plain  of  Cheraghdr, 
where  I  gained  no  information  whatever.  Just  before  entering  the 
plain  from  the  west,  however,  I  stumbled  upon  two  or  three  blocks 
of  highly  crystalline  grey  limestone,  weathering  rusty-yellow,  filled 
with  a  species  of  Orthisy  which  Mr.  J.  Morris  considers  as  a  form 
intermediate  between  the  Devonian  and  Silurian  species. 

Want  of  time  during  a  hasty  journey  prevented  my  giving  the 
locality  the  attention  it  deserved ;  but  I  was  informed  by  the  natives 
that  at  the  summit  of  the  range  are  great  quantities  of  similar  fossils. 

With  the  Ortkis  are  associated  a  small  Nucula  and  a  few  other 
indistinct  fossil  forms. 

V.  Metamorphic  Schists. 

In  the  more  disturbed  portions  of  the  blue  limestone  we  have 
nothing  whatever  to  guide  us  in  determinmg  the  age  of  the  under- 
lying rocks. 

At  Senna  in  A^del^,  the  Kilh  i  A^  f  Der,  which  overlooks  the 
town  on  the  S.W.,  is  composed  of  an  alternating  series  of  blue  lime- 
stones,— dark-yellow,  arenaceous,  and  calcareous  slates,  exceedingly 
hard,  compact,  and  sonorous, — and  dark-blue  schists.  These  rocks 
pass  into  each  other  insensibly, — are  so  utterly  devoid  of  fossO  con- 
tents,— and  are  so  completely  isolated,  by  the  intervention  of  the 
granitic  chain  of  Merw^ri,  from  the  less  complicated  blue  limestone 
masses  on  the  West, — as  to  leave  us  in  utter  ignorance  of  their  true 
age. 

Between  Bisdtdn  and  Essddabdd  (see  fig.  1,  0,  p.  326),  as  well  as 
in  several  localities  between  H^ro^dn  and  Is^^^,  the  blue  lime- 
stone rests  unconformably  on  yellow  calcareous  slates. 

In  immediate  iuxtaposition  with  the  igneous  rocks  are  vast  de- 
posits of  dark-blue,  indurated,  calcareous,  and  fissile  clay-slates, 
which  extend  on  the  west  of  Rdh  Elwend  from  the  district  of 
Feriddn,  in  the  B^htfydrf,  through  the  plains  of  Btirdjird  and 
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Nehdvend*  to  Ess^-abid.  On  the  east  of  the  same  chain  they  con- 
tinue along  the  skirts  of  the  same  range  to  ^iaMin. 

Thej  probably  extend  to. the  plains  of  Senna,  from  whence  they 
bear  in  a  N.W.  direction,  by  Banna  and  Ser  Desht,  to  Ldhijin,  at 
the  southern  extremity  of  the  Lake  of  Urdmia, — and  afterwards 
appear  at  intenrals  along  the  whole  extension  of  the  frontier,  to 
within  a  short  distance  of  Mount  Ararat. 

These  slates  are  largely  developed  in  the  Pass  over  Kdh  Elwend, 
between  Essdd-abid  and  Himilddn.  Upon  the  south  ascent  of  the 
range  the  beds  have  a  general  dip  to  the  S.W.,  at  an  angle  of  50^ 
or  60^ ;  but  on  the  opposite  side  they  take  a  contrary  direction,  and 
are  there  seen  tilted  high  up  the  range,  resting  against  the  highly 
elevated  granitic  peaks.  The  slates  are  traversed  by  veins  of  com- 
pact and  granulated  quartz,  havine  various  tinges  of  blue  and  yellow. 
Some  of  these  veins  are  of  great  thickness. 

Between  the  foot  of  the  Pass  and  Himid&a  mica-schists  occur, 
in  conjunction  with  the  clay-slates,  dipping  at  a  high  angle,  but 
their  position  with  r^ard  to  each  other  is  not  apparent. 

The  following  rocks  appear  in  ascendmg  the  ravine  from  H^^^n 
to  the  Bock  Sculptures ;  the  strata  dip  at  an  angle  of  70°  to  the  N.E. 

1 .  Black  and  crystalline  altered  limestone. 

2.  Yellow  quartzose  rock  ;  and 

3.  Coloured  micaceous  schists ;  containing  garnets. 

No  fossils  whatever  occur  in  these  rocks  in  any  locality  where  they 
have  been  examined ;  and  consequently,  until  more  detailed  sections 
are  discovered,  showing  their  connection  with  the  newer  deposits,  it 
would  be  useless  guessing  at  their  place  in  the  geological  sequence. 

VI.  Plutonic  Rocks. 

Gramte8, — Along  the  Southern  portion  of  the  Frontier  no  igneous 
rocks  are  exposed  in  its  immediate  vicinity ;  but  the  central  axis  of 
the  chain  at  some  distance  to  the  eastward  consists  of  granitic  com- 
pounds^ which  there  appear  to  the  almost  entire  exclusion  of  other 
Igneous  rocks. 

The  first  point  in  the  south  at  which  the  granite  shows  itself  is,  I 
believe,  in  the  low  range  called  Fir^j^b^,  or  Kh^khwih,  between 
Giilpaie^  and  J^ptil^k,  in  lat.  about  32^  15'  N.  and  long,  about 
49^  20' E.  From  thence  it  forms  the  Eastern  boundary  of  the 
plains  of  JiLpiiUk,  Biirdjird,  and  Neh^vend;  gradually  rising  in 
elevation,  until  it  attains  the  height  of  13,780  feet  above  the  sea* 
level,  according  to  the  measurement  of  Col.  Rawlinson  at  the  summit 
of  Kiih  Elwend  (the  ancient  Orontes).  See  fig.  1,  r,  p.  326.  Ex- 
tending in  a  N.W.  direction,  the  granitic  rocks  spread  over  the 
country  in  the  neighbourhood  of  Senna ;  but  the  main  chain  passes 
throueh  the  centre  of  the  triangle  formed  by  the  three  large  towns 
of  Himidin,  Senna,  and  Kerm^sh^.  It  continues  along  the 
Avromin  range,  and  crosses  the  Frontier  between  SiUeim^ia  and 
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B^nna,  from  whence  it  may  be  traced  in  a  continuous  line,  assodated 
with  other  igneous  rocks  and  forming  the  lofty  boundary-chain  to 
within  a  short  distance  of  Bay^id  at  the  foot  of  Mount  Ararat. 

From  their  first  appearance  near  Gtilpaigdn  the  granitic  rocks 
extend  about  120  geographical  miles  in  a  single  unbroken  axis, 
without  offsets,  to  beyond  H^middn. 

This  portion  of  the  chain  I  have  crossed  at  two  points, — once 
between  Ess&d^bM  and  H^mddiLn, — and  again  between  the  plains  of 
J^ptil^k  and  Bdnijird. 

At  HimM&a  the  granite  of  Kiih  Elwend  yaries  considerably  in 
character. 

Sometimes  it  is  white  and  very  coarsely  grained,  with  a  few 
straggling  laminae  of  mica,  having  a  somewhat  dendritic  arrange- 
ment. In  another  variety  the  crystals  of  quartz  and  felspar  are 
smaller  (though  still  coarse),  and  the  mica  is  more  abundantly  dif- 
fused in  grains.  This  passes  into  a  fine-grained  grey  granite ;  and 
finally  becomes  a  yellowish  quartzose  rock,  enclosing  large  splashes 
of  hornblende,  precious  garnets,  and  a  little  mica.  Mi  these  varieties 
occur  close  to  the  Trilingual  Tablets.  Gold  is  occasionally  found  in 
the  courses  of  the  streams  flowing  from  Ktih  Elwend. 

Throughout  the  whole  line  of  its  occurrence  the  granite  of  these 
regions,  owing  to  the  abundance  of  felspar  in  its  composition,  is  of  a 
very  perishable  nature,  and  therefore  the  ranges  which  it  composes 
have  a  rounded  and  undulating  outline,  not  presenting  any  pic- 
turesque or  remarkable  peaks. 

In  ascending  the  Merwarl  Pass  between  Kermdnshdh  and  Senna  we 
have  a  coarse  grey  syenite,  with  large  crystals  of  hornblende  in  a 
base  of  white  quartz  and  felspar,  and  containing  magnetic  oxide  of 
iron  richly  difiused  through  it.  The  same  metal  also  occurs  dis- 
seminated through  the  dark-grey  granite  which  constitutes  the  great 
mass  of  the  Pass.  The  summit  is  of  red  decomposed  granite  wimout 
the  metal. 

Between  the  plains  of  J^piiliik  and  Btirdjird  we  have  an  interesting 
section  (fig.  1 3).  The  plain  of  Jdptil&k  is  a  denuded  valley  of  ele- 
vation, in  which  the  outcrop  of  blue  clay-slates  from  beneath  the 
alluvial  covering  is  frequently  detected ; — the  slates  dipping  from  the 
central  axis,  and  traversed  by  veins  of  coloured  quartz. 

On  the  low  hills  east  of  A'lidbdd  village,  at  the  northern  end  of 
the  plain,  the  quartz  suddenly  assumes  a  great  development,  and  ia 
succeeded  by  a  fine-grained  and  friable  syenite,  which  is  injected 
through  in  low  rounded  bosses,  elevating  the  slate-rocks  into  almost 
a  vertical  position.  On  entering  the  Derbend,  or  Pass,  the  syenite 
overlies  a  thick  bed  of  white  altered  limestone,  having  been  forced 
through  with:  such  violence  as  to  break  up  and  carry  with  it  large 
masses  and  layers  of  the  limestone,  and  also  to  spread  itself  over  the 
surface  of  the  beds  in  ntu,  which  are  thrown  down  at  an  angle  of 
45°  towards  the  East.  Crushed  and  contorted,  fissile  blue  clays 
crop  out  conformably  from  below  the  white  limestone.  At  the 
entrance  of  the  Jdpiilak  stream  through  a  gorge  on  the  Western  side 
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of  the  Derbend  these  rocks  appear  to  hare  been  thrown  down  by  a 
fault,  and  present  a  blufP  escarpment  to  the  west ;  while  on  the  left 
bank  of  the  stream  the  white  limestone  rests  npon  the  flank  of  the 
limestone-beds  of  the  U'shter^  Kdh,  from  which  thej  seem  to  have 
slid  down  to  their  present  position. 

Fossils  are  entirely  wanting  in  all  these  altered  rocks,  bnt  I  belieye 
that  the  slates  of  Japdldk  plain  belong  to  an  early  series,  and  are  of 
the  same  age  as  the  Elwend  slates. 

The  white  limestone  and  blue  clays  of  the  Derbend  I  am  inclined 
to  assign  to  the  age  of  the  cretaceous  deposits ;  while  the  beds  of  the 
U'shter^  Kdh  are  probably  lower  secondary.  The  last,  howeyer,  I 
had  no  opportunity  of  reaching. 

As  to  the  date  of  the  eruption  of  the  granitic  chain,  there  can  be 
no  doubt  of  its  haying  taken  place  subsequently  to  the  deposition  of 
all  the  rocks  in  the  yicinity ;  and,  although  no  positiye  eyidence 
exists  of  the  fact  in  this  portion  of  the  region  under  examination, 
there  is  every  reason  to  pronounce,  from  examination  of  other 
localities,  that  it  occurred  after  the  formation  of  the  Nummulitic 
and  Gypsiferous  series,  and  after  the  accumulation  of  the  compara- 
tiyely  modem  grayel-conglomerate  on  the  western  outskirts  of  the 
whole  chain. 

VII.  Trappean  Rocks. 

Porphyry  occurs  sparingly  on  the  skirts  of  the  granitic  cham,  but 
does  not  assume  any  great  deyelopment.  It  shows  itself  in  this 
position  in  a  range  of  low  hills  on  the  S.E.  of  NeMyend,  erupted 
through,  and  eleyating,  altered  blue  limestone.  It  is  there  red  and 
argillaceous,  and  is  associated  with  serpentine. 

Trap-porphyry  occurs  in  considerable  yeins  on  the  Western  side 
of  the  Merwiri  Pass  already  alluded  to  (p.  281  &  292),  where  it  is 
injected  not  only  through  the  altered  limestone  and  chert,  but  also 
through  the  syenite  and  older  trap-yeins. 

Serpentine  is  generally  met  with  in  the  same  localities  as  the  trap- 
porphyry,  but  is  much  more  abundantly  diffused,  and  frequently 
forms  yery  considerable  sombre-looking  peaks,  as  in  the  neighbour- 
hood of  Senna.  At  the  Merwdri  Pass  a  Hght-green  serpentine  in 
felspar  appears  to  haye  been  injected  into  the  limestones  preyiously 
to  the  eleyation  of  the  granitic  axis  (see  fig.  1,  s) ;  and  is  in  turn 
trayersed  by  yeins  of  newer  porphyry. 

The  usual  kind  of  serpentine  is  an  exceedingly  hard,  massiye^ 
dark-green  yariety,  accompanied  by  steatite. 
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PAET   II. 

CONTKNTS. 

Introduction. 

Section  between  Senna  and  L&hijan. 

Kel  i  Shin  Pass. 

Section  from  U'shnu  to  Mergiver.    (Fig.  14.) 

between  Urumia  and  G^w^.    (Pig.  15.) 

'  from  BeHidiist,  across  the  Plain  oi  Selmasi  to  Derik.   (Fig.  16.)— 

TraTextm  Springs  of  Derik. 

from  Selmas  to  GuTeijin  Kalah,  on  the  Lake  of  Urumia.    (Fig.  17.) 

Lake  of  Urmnia. 

Section  from  Selmas  to  the  Plain  of  Khoi.    (Fig.  18.) 

from  the  Plain  of  Khoi  to  Van.    (Fig.  19.) 

from  Van  to  Mount  Arant.   (Fig.  20.) 

^— fromBayazidtoAidish.    (Fig.  21.) 

Lake  of  Van. 

Sections  from  Ardish  to  Jeareh-ibn-Omar.    (Figs.  22,  23.) 

Condosion. 

CFigi.  14-33  are  to  be  fooad  at  pp.  3S6-S44.3 

Introduction. — In  the  former  part  of  this  paper  I  have  endea> 
Youred  to  describe  the  order  of  succession  of  the  various  forma- 
tions, which  prevails  in  the  southern  portion  of  the  Frontier,  where 
less  contortion  in  the  deposits  is  exhibited  than  is  observable  further 
to  the  north. 

In  continuing  the  subject,  it  is  impossible  to  enter  into  such  detail 
as  hitherto,  owmg  to  the  rapidity  with  which  the  latter  portion  of 
the  frontier  was  traversed.  I  shall  therefore  briefly  allude  to  such 
road- sections  as  may  be  considered  of  interest. 

Between  the  Derbend  Kh&nf  on  the  Shlrwan,  and  Ushnti  near 
the  Lake  of  U'rtimia,  I  had  no  opportunity  of  making  investigations, 
having  been  detached  from  the  Commission  during  the  progress  of 
the  Survey  between  those  localities.  While  en  route  to  rejoin  the 
party  I  was  attacked  b^  a  severe  fever,  which  inc^iacitated  me 
from  giving  proper  attention  to  the  geology  of  the  country  between 
Senna  and  L4hij4n. 

The  following  rough  notes,  however,  concerning  this  tract  may  not 
be  uninteresting : — 

Between  Senna  and  Ldhijdn. 

On  quitting  Senna  the  road  gradually  ascends  along  the  north 
slope  of  the  Kiih  A'b-l-der,  crossing  numerous  skte-spurs  which 
shoot  out  from  the  mountain.  After  an  ascent  of  two  hours  and  a 
half,  the  summit  of  the  range  is  at  length  attained  by  the  A'rriz 
Pass.  An  uninviting  sea  of  barren  and  ferruginous  undulations  is 
seen  extending  over  a  vast  elevated  plateau,  from  whence  the  numerous 
sources  of  the  Shirwin  have  their  rise.  The  stratification  consists 
of  highly  fissile  blue  schists,  passing  upwards  into  thin  altered  beds 
of  blue  limestone,  weathering  rusty-brown ;  the  prevailing  dip  being 
to  the  N.E.  Far  in  the  west,  the  lofty  A'vroman  range  of  igneous 
rocks  rises  boldly  from  beneath  the  schists.     After  two  long  days* 


Digitized  by 


Google 


LOFTUS — TUaKO-PERSIAN  FRONTIER.  295 

joamej  oyer  these  slates,  the  foot  of  the  Garrin  Pass  is  reachecU 
-where  an  agreeable  change  takes  place  in  the  scenery.  Thick  forests 
of  oaks  and  other  trees  occur,  but  no  yisible  alteration  is  perceptible 
in  the  geognostic  features.  The  Garrin  Pass  is  wholly  composed  of 
the  same  friable  schists.  These  continue  to  the  Turkish  Frontier,  a 
day  and  a  half  further,  on  approaching  which  blocks  of  porphyry  and 
altered  limestone  become  abundant  in  all  the  mountain-streams,  and 
the  blue  limestone  and  associated  schists  are  thrown  up  into  dis- 
orderly mountain  masses  ou  all  sides,  indicating  the  proximity  of  the 
Igneous  rocks. 

The  igneous  rocks  tfaenselyes  at  length  make  their  appearance, 
running  in  an  east  direction,  and  forming  the  high  range  called  Bird 
(  Koteh  Resh.  After  sweeping  in  a  wide  circuit,  they  bear  away  to 
the  N.W.,  thus  giving  to  the  Turks  a  considerable  projection  into 
the  Persian  territory.  The  direct  road  from  Senna  to  Banna,  there- 
fore, twice  crosses  the  frontier. 

At  the  first  Pass  (Kel  i  Melek),  where  the  Bird  i  Koteh  Resh  is 
reached,  the  axial  rock  of  dark-green  porphyry  is  protruded  through 
fissile  slates,  which  are  thrown  up  yertically  on  either  side  of  the 
Pass.  A  succession  of  slate-spurs  occurs  on  the  road  to  Weyna,  at 
the  foot  of  the  second  Pass  called  Kel  i  Hangerjdl. 

The  ascent  from  Weyna  is  extremely  abrupt.  It  passes  through  a 
forest  of  gall-oaks,  and  over  yertical  slates  strewed  with  blocks  of  com- 
pact, green,  felspathic  rocks,  fine-grained  grey  rock  (of  quartz,  carbon- 
ate of  lime,  and  mica),  talcose  rock,  blue  limestone,  porphyry,  and 
quartz,  which  haye  fallen  from  the  lofty  peaks  of  the  range.  Detached 
masses  of  altered  blue  limestone  are  frequeutly  seen  eleyated  upon  the 
slopes,  and  eyen  the  summits,  of  the  igneous  peaks.  The  remamder  of 
the  day's  journey  from  Weyna  to  Banna  is  oyer  the  slates  capped  by 
blue  lunestone  and  trayersed  by  quartz-yeins,  containing  iron-ore, 
and  sometimes  auriferous,  which  also  extend  from  the  latter  place, 
along  the  yalley  or  undulating  plain  of  the  Riyer  Kellii,  or  Lesser 
Z^b,  to  Ser  Desht.  This  yalley  or  plain  is  bounded  on  the  west  by 
the  Frontier  Range,  and  on  the  east  by  the  Kiih  1  Kdrtek, — both 
igneous  chains.  The  latter  is  chiefly  composed  of  green  porphyry, 
trayersed  by  yeins  of  syenite,  but  has  two  or  three  of  its  peaks 
crowned  with  limestone  crags.  Thrown  off  from  the  KtSh  i  Kurtek, 
at  the  yillage  of  Nistdn,  and  dipping  towards  it  at  an  angle  of  45^,  is 
a  dark-coloured  rock  of  quartz  with  mica,  in  fine  layers,  and  decom- 
posed talcose  slates.  From  Nlstdn,  these  slates  form  a  sloping  plain 
towards  the  AHb  i  Kellu,  on  the  sou^;  but  they  are  in  a  great 
measure  coyered  by  reddish  alluvium,  through  which  the  tributary 
streams  from  the  north  cut  their  way  in  rayines  of  from  500  to  800 
feet  in  depth.  Near  the  riyer,  where  the  alluyium  is  of  the  greatest 
thickness,  the  plain  is  destitute  of  oaks.  Where,  howeyer,  the  slates 
become  mixed  with  the  alluyium,  a  genial  soil  for  the  gall-oak  is  the 
result,  and  the  forest  extends  in  a  broad  zone  oyer  the  slates  to  their 
junction  with  the  i^eous  rocks,  where  it  entirely  ceases.  An  exten- 
siye  and  yery  eleyated  range  intenrenes  between  the  Plain  of  Ser 
Desht  and  that  of  Ldhijao,  consisting  of  infinite  yarieties  of  serpen- 
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tine,  porphyry,  and  granitic  oompoundfl^  ^in  mass  and  in  veina, — a 
splendid  field  for  the  mineralogist  with  time  at  his  disposal. 

On  the  descent  to  L^ijdn,  the  igneous  rocks  are  agam  concealed  by 
the  appearance  of  the  slates  and  altered  limestone.  Undulating  hills 
of  the  latter  traverse  the  plain  of  L4hljan  in  every  direction,  and  riae 
in  little  rounded  hillocks  in  its  centre.  The  strata  exhibit  much  con- 
tortion, and  are  traversed  by  threads  of  carbonate  of  hme. 

Kiih  i  Kom&rend,  which  separates  the  sources  of  the  Z£b  and  the 
G^er,  is  an  offshoot  from  the  great  chain  of  the  Frontier.  The 
blue  hmestone  is  here  converted  into  cream-coloured  and  purely 
white  marble,  resting  unconformably  on  a  mass  of  stratified,  mica- 
ceous, grey  schist.  Quartz  and  felspar  are  irregularljr  interspersed  in 
layers  in  the  midst  of  a  matrix  of  finely-grained  mica.  This  rock 
cleaves  into  beautiful  regular,  elongated,  rectangular  parallelopipeds» 
sometimes  contains  crystals  of  pinkish  felspar,  and  passes  downwards 
into  a  finely-grained  granite. 

To  the  N.  W.  of  this  range  are  a  series  of  low  limestone-hills  skirt- 
ing the  plain  of  U'shnti. 

Kei  i  Shin  Pom. 

The  height  of  this  Pass  above  the  sea  is  stated  by  Mr.  Ainsworth 
(Journal  of  Boy.  Geogr.  Soc.  vol.  xi.  p.  62)  to  be  6000  feet,  but  at 
p.  64,  and  in  the  section  annexed  to  the  memoir  he  gives  it  an  eleva- 
tion of  upwards  of  10,568  feet. 

Unfortunately  all  the  barometers  of  the  Commission  were  broken 
soon  after  reaching  the  mountain-districts,  so  that  we  had  no  means 
of  ascertaining  which  measurement  is  the  correct  one.  At  a  guess, 
it  is,  I  should  imagme,  10,000  or  11,000  feet  above  the  sea-level,  the 
higher  peaks  of  the  range  being  2000  feet  more. 

Various  rocks  show  themselves  on  the  descent  from  the  N.E.,  and 
of  these  the  following  were  noted  whilst  we  were  ascending : — 

Altered  blue  limestone,  with  veins  of  carbonate  of  lime. 

Red  iron-clay,  with  serpentine. 

Dark  blue  serpentine,  with  veins  of  steatite. 

White  quartzose  rock. 

Decomposing,  fine-grained,  white  granite. 

White  quartzose  rock,  with  grey  serpentine. 

At  the  summit,  a  few  paces  from  the  celebrated  pillar  (with  the 
cuneiform  inscription)  which  gives  its  name  to  the  Pass,  is  a  rock 
dipping  at  an  angle  of  45°  to  the  east,  presenting  an  ascending 
section  as  below : — 

light  green  serpentine. 

Bed  indurated  clays,  approaching  to  jasper,  and  containing  iron- 
stone. 

Dark-grey  quartzose  rock,  weathering  rusty-brown. 

A  vdn  of  very  dark-green  and  hard  serpentine  traverses  the  line 
of  bearing  between  the  two  first-named  rocks. 
The  pillar  itself  is  cut  out  of  a  hard  homblendic  rock,  with  long 
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acicolar  crystals  and  containing  numerous  lam,  empty,  vesicular 
cayities.  This  rock  is  not  observed  in  the  immediate  vicinity,  though 
the  lofty  black  peak  to  the  south,  called  Seah  Ktih,  is  probably  com- 
posed of  it.  The  stone  is  black,  but  in  particular  lights  looks  bluish  ; 
nence  its  name,  "  Kel  1  Shin,"  "  the  blue  tombstone."  The  upright 
stone  at  the  head  of  a  grave  is  called  in  Kourdish  ''  Kel ;"  and  cer- 
tainly the  form  of  this  ancient  landmark  is  precisely  that  of  a  grave- 
stone. The  hard  and  vesicular  nature  of  tne  stone  must  have  ren- 
dered it  a  matter  of  difficulty  to  cut  the  inscription,  which,  I  imagine, 
was  originally  but  rudely  executed  and  always  somewhat  illegible 
on  this  account.  Its  long  exposure  has  not  of  course  bettered  its 
condition. 

The  view  from  the  Kel  i  Shin  into  Turkish  Kourdist^  is  of  the 
most  rugged  description ; — lofty  jagged  peaks,  having  their  summits 
capped  with  eternal  snow,  raise  their  heads  out  of  deep  and  pre- 
cipitous valleys,  the  heat  of  which  seems,  as  it  were,  to  be  indicated 
by  the  deep  red  colour  of  the  rocks. 

Wild  grandeur  is  the  pecuhar  feature  of  the  scene,  and  it  is 
among  its  vast  mountains  and  difficult  ravines  that  the  Nestorian 
Christians  have  their  fastnesses. 

Section  from  ITahn^  to  Merg&oer^  over  the  Bird  i  Zerd  and  K&h 
{  VnUh  Passes.    Fig.  14. 

The  following  descending  section  is  observed  at  these  Passes : — 

1 .  Cream-coloured  limestone,  sometimes  compact,  and  containing 

carbonate  of  copper  in  quartz. 

2.  Alternating  lavers  of  thio,  purple,  argillaceous  limestone  and 

carbonate  of  lime.     Each  layer  compact  and  heavy,  and 
easily  separated. 

3.  Thick  beds  of  altered  blue  limestone ;  sometimes  hard,  com- 

pact, and  crystalline ;  and  at  other  times  composed  of  thin 
layers,  alternating  with  others,   coloured  lignt-yellow  and 

Surple.  The  latter  variety  exhibits  much  contortion.  On 
tie  S.W.  side  of  the  pass,  between  Bird  i  Zerd  and  Kiih  f 
U'ldkh,  the  limestone  of  the  former  mountain  is  white, 
weathering  cream-coloured,  and  is  impregnated  with  copper. 
The  beds  dip  to  the  S.S.W.,  at  an  angle  of  40°. 

4.  Bluish-green  altered  schists,  with  serpentine. 

5.  Grey  granite,  exceedingly  friable.     At  Kdl  I  Runddlah,  it 

passes  into  rudely  columnar  blocks  of  various  sizes. 

At  a  point  where  the  Frontier  range  dips  into  the  plain  of  Mer- 
g&ver,  which  it  bounds  on  the  west,  there  is  a  remarkable  black 
conical  peak,  having  in  the  distance  a  very  igneous  aspect,  its  sloping 
sides  being  covered  with  cinereous-looking  rocks.  On  visiting  it, 
however,  the  black  mass  proves  to  be  limestone,  completely  metamor- 

S hosed  by  the  action  of  heat.     The  lowest  visible  beds  are  black, 
roken  up  into  small  fragments,  and  covered  with  black  powder,  as  if 
they  had  been  half-burned.     They  give  out  a  strongly  bituminous 
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odour.  Some  patches  of  compact,  white  limestone  repose  upon  the 
slope  of  the  cone.  No  igneous  rocks  occur  in  the  immediate  vidnitj, 
but  the  great  range  is  composed  of  granite. 

The  eastern  boundary  of  the  Mergdver  PLiin  is  a  moderately  ele- 
vated range,  which  is,  I  believe,  composed  of  altered  limestone. 

A  low  and  broad  elevated  tract  alone  separates  the  plain  of  Merg^ver 
from  that  of  Desht.  In  a  ravine  in  the  Frontier  Range,  at  the 
iunction  of  these  plains,  is  a  bed  of  iron-ore,  which  is  disseminated  in 
large  irregular  masses  of  clay-iron-stone,  imbedded  in  a  micaceous  rock, 
coloured  with  the  oxide,  but  not  sufficiently  rich  to  be  worked. 

All  along  this  portion  of  the  Frontier  there  are  indications  of  the 
presence  of  ores,  especially  copper  and  iron;  but  the  jealousy  oi 
the  natives  is  such  as  to  render  it  extremely  difficult  for  a  passing 
traveller  to  obtain  any  accurate  information.  I  am  quite  convinced 
that  a  careful  investigation  of  this  region  would  bring  to  Hght  great 
mineral  riches.  It  is  well  known  that  valuable  mines  are  worked  in 
the  districts  to  the  west ;  for  instance,  at  Jdlamerk,  where  the  mines 
of  sulphate  of  arsenic  are  among  the  most  important  belonging  to 
the  Turkish  Government.  These,  if  properly  conducted,  would 
prove  to  be  a  source  of  large  revenue.  But  generally,  however  rich 
a  mine  may  be,  the  great  want  of  fuel  and  water  throughout  this 
region  would  be  a  bar  to  its  being  worked  with  advantage.  To  this 
difficulty  must  be  added  the  inclemency  of  a  long  winter-season,  and 
the  utter  ignorance  of  the  natives  in  the  art  of  practical  mining. 

Section  between  U'rdmia  and  Gdwdr.     Fig.  1 5. 

The  alluvial  plain  of  U'nimia  is  bounded  on  the  west  by  a  con- 
siderable range  of  sandstone,  which  sepanteB  it  from  the  plain  of 
Desht. 

This  range  rises  at  Seyr  D%h  to  the  height  of  7260  feet  above 
the  sea  (aooording  to  barometric  measurement  made  by  the  members 
of  the  American  Mission),  and  has  a  constant  dip  of  5°  or  thereabouts 
to  the  N.E. 

Following  up  the  course  of  the  Sh^her  stream  through  the  range, 
the  geologist  recognizes  in  the  beds  composing  it  characters  which  at 
once  class  them  with  the  Gypsum-series  described  in  Part  I.  of  this 
paper  (p.  254),  as  occurring  along  the  western  skirts  of  the  Zagros, 
between  Behbehdn  and  Mosdl. 

These  characters  are  not  to  be  mistaken.  The  sandstones  of  the 
Seyr  D4gh  belong  to  the  uppermost  part  of  the  gypsum-series, — ^in 
the  lower  beds  alternating  with  marls  and  impure  limestones,  and 
in  the  upper  with  conglomerate-gravels.  The  colour  of  the  sand- 
stones is  yellow  or  brownish ;  in  this  respect  differing  from  the  same 
rocks  in  the  west,  which  are  generally  reddish. 

The  upper  beds  are  in  places  covered  unconformably  by  a  mass 
of  loose  gravel,  or  gravel-conglomerate  with  calcareous  paste. 

It  is  remarkable  that  the  gravels  associated  with  the  sandstones 
are  composed  of  pebbles  of  blue  and  white  altered  limestone,  quartz, 
micaceous  sandstone,  and  quartzose  sandstone,  without  any  inter- 
mixture of  igneous  rocks  ;  on  the  other  hand,  the  superfidal  gravel 


Digitized  by 


Google 


liOrrUfi — TURKO-PERSIAN  FRONTIER.  299 

ehieilj  consists  of  pebbles  derived  from  the  adjoining  igneous  chain. 
This  fact  is  of  considerable  importance,  as  tending  to  establish  the 
fact  of  the  very  recent  elevation  of  the  Frontier  chain, — subsequently 
indeed  to  the  deposition  of  the  sandstones  and  associated  gravels. 
It  is  moreover  evident  that  crystalline  action  preceded  the  deposition 
of  the  lowest  beds  of  sandstone  and  gravels,  since  all  the  contained 
limestone-pebbles  show  that  they  were  altered  and  rolled  before  they 
were  imbedded  in  the  matrix  of  the  gravel. 

At  the  N.W.  end  of  the  Desht  plain,  and  at  the  head  of  the 
ravine  through  which  the  Shdher  stream  flows  to  Urumia,  a  spur 
projects  from  the  great  range,  and  shows  the  metamorphosed  blue 
limestone  resting  on  pinkish  quartz-rock. 

Quitting  the  Desht  plain,  the  road  follows  up  a  narrow  ravine 
formed  by  the  junction  of  the  gypsum-sandstones  on  the  east  with 
underlying  blue  limestone  on  the  west. 

A  low  ridge  of  the  same  hmestone  is  afterwards  crossed,  and  the 
plain  of  Mergdver  entered.  This  plain  is  bounded  on  the  east  by 
the  sandstone  and  conglomerate  hills ;  and  a  patch  of  the  same 
rocks  is  crossed  just  before  entering  the  ravine  of  the  Jdra  stream, 
which  separates  the  plains  of  Mer^ver  and  Beraddst. 

The  mountain-masses  which  occur  between  Merg^ver  taid  Gdw4r 
do  not  present  any  conspicuous  peaks,  but  consist  of  a  series  of  vast 
undulations,  across  which  but  few  roads  are  found,  and  these  only 
along  the  watercourses.  In  the  transverse  section  there  are  shown 
two  eruptions  of  igneous  matter ;  a  rock  of  massive  hornblende  at 
Bird  i  Resh,  and  a  rounded  peak  of  granite  to  the  west  of  Dayra. 

On  entering  the  goi^  of  Arzin  by  the  Jtira  ravine,  on  the  east  of 
the  chain,  the  first  rock  met  with  is  a  cream-coloured  hmestone, 
having  jts  layers  much  broken  and  presenting  some  rugged  peaks. 
The  colour  of  this  hmestone  changes  from  cream-oolour  in  its  upper 
part  to  grey  and  dark-blue  beneath.  In  its  lower  liters  it  is  of 
similar  character  to  the  crystalline  blue  hmestone  of  Bisutun,  near 
Kermanshah,  &c.  All  the  beds  are  traversed  by  threads  of  car- 
bonate of  hme. 

I  have  in  the  section  (fig.  15)  numbered  these  beds  separately, 
but  I  am  quite  convinced  that  the  blue  is  only  an  altered  condition 
of  the  yellow  or  nummulitic  hmestone  of  the  south,  caused  by  the 
neighbouring  eruption  of  the  igneous  rocks.  I  have  elsewhere 
expressed  my  opinion  (p.  280)  as  to  the  geological  age  of  the  greater 
portion  of  the  blue  limestone ; — there  can  be  no  doubt  as  regards  the 
rock  here  (as  also  between  Ushnu  and  Mergdver,  and  at  the  black 
conical  peak  Seah  Kuh,  on  the  west  of  Mergdver)  because  it  con- 
formably underlies  the  yellow  limestone,  into  which  it  passes  by  a 
gradual  transition. 

Further  up  the  ravine,  the  blue  hmestone  is  underlaid  by  blue 
calcareous  schists,  into  which  it  makes  a  very  marked  passage.  The 
hmestone  first  becomes  schistose ;  and  then  in  this  condition  alter- 
nates with  the  slates.  These  are  in  turn  underlaid  by  dark-brown 
ironstone-clays.  These  schists  and  clays  probably  represent  the 
marls  of  the  Kirrind  and  Mahidesht  section,  p.  275  (Part  I.),  fig.  9. 
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In  advancing  to  the  westward,  the  ironstone-clay  is  crushed  in  a 
fold,  and  encloses  a  trough  of  contorted  slates  between  eruptions  of 
hornblende-rock  and  granite. 

The  hornblende  is  exceedingly  hard,  compact,  and  heayj,  and 
contains  numerous  elongated  acicular  crystals,  resembling  the  stone 
at  Kel  1  Shin. 

The  granite  is  of  the  usual  character,  fine-  and  large-grained,  and 
easily  decomposes. 

Immediately  beyond  the  granite  there  occur  undulating  and  con- 
torted beds,  01  enormous  thickness  and  extent,  composed  of  gravel- 
conglomerate,  sandstones,  and  marls,  with  intercalated  layers  of 
impure  limestone  and  sandstone.  I  have  no  hesitation  in  assigning 
these  deposits  to  the  age  of  the  gypsum-series.  The  sandstones 
present  the  same  indistinct  casts  and  curious  marks  which  were  ob- 
served in  the  south  nearDizful  (p.  261)  ; — none  were,  however,  suflS- 
ciently  characteristic  to  be  brought  away  as  specimens.  These  beds 
are  much  disturbed,  and  dip  in  every  direction  of  the  compass ;  thus 
showing  the  intensity  of  the  elevating  force.  They  continue  without 
intermission  to  the  Plain  of  Gawar,  where  they  are  covered  up  by 
alluvial  soil.  Before  reaching  it,  they  constitute  the  Ziniy^v  Pass 
(the  greatest  elevation  attained  by  the  road  along  this  section),  one 
of  the  highest  passes  across  the  chain ;  the  summit  being  about 
12,000  feet  above  the  sea. 

Between  Gawar  and  Ber^tist,  by  way  of  Basseh  and  Bazirgah, 
the  only  rocks  visible  are  those  of  the  gypsum-series,  and  they  ex- 
hibit the  same  bends  and  contortions  as  m  the  previous  section. 

From  the  mountains  to  the  east  of  the  above  section  there  was 
brought  to  me  some  heavy  and  rich  ore  of  magnetic  oxide  of  iron  in 
quartz,  but  the  exact  locality  was  not  indicated. 

Section  from  Berdd&st,  across  the  Plain  of  Selmas,  to  Derik, 
Fig.  16. 

On  quitting  the  rich  alluvial  plain  of  Beriddst,  a  low  gravel-range 
is  crossed  to  reach  the  District  of  Somai,  which  is  an  extensive 
irregular  undulating  plain,  owing  its  contour  to  the  presence  of 
masses  of  superficial  gravel.  Gradually  ascending  in  a  northerly 
direction  towards  the  high  range  called  Shetkha  or  Anjulukh  Dagh, 
low  cliffs  of  compact  and  vesicular  basalt,  with  crystals  of  leucite,  for 
the  first  time  alone  the  Frontier  make  their  appearance.  These  are 
succeeded  by  an  elevated  plain,  in  which  decomposing  mica-schists 
now  and  then  protrude  throueh  the  soil ;  but  I  could  not  make  out 
their  position  with  regard  to  uie  trap-rocks. 

The  Pass  over  the  Anjulukh  Range  exhibits  an  infinite  variety  of 
porphyritic  and  granitic  compounds  on  the  summit,  before  attaining 
which  on  either  side  are  complicated  mixtures  and  interchanges  of 
hornblende,  felspar,  and  mica,  similar  to  those  described  by  Mr. 
Ainsworth  (Geogr.  Journal,  vol.  xi.  p.  60)  as  met  with  by  him  to 
the  west  of  the  same  n^hbourhood,  on  Zendesht  Dagh,  between 
Selmas  and  Jem^dwd.     These  rocks  on  the  south  of  the  Plain  of 
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Selmas  would  repay  careliil  examinatioii.  The  changes  are  rung  on 
the  Tarioos  minerals  entering  into  their  composition  in  the  most  ex- 
traordinary and  perplexing  manner.  At  one  localitj  near  the*  summit 
is  a  mass  of  grey  syenite,  containing  magnetic  oxide  of  iron. 

On  the  descent  to  the  Chehrik  stream  the  sandstones  and  grayels 
of  the  gypsum-series  again  make  their  appearance,  dipping  at  a 
slight  angle  to  the  river  and  towards  the  north.  Just  before  gaining 
the  river,  a  very  interesting  and  remarkable  phsenomenon  presents 
itself.  The  upturned  edges  of  the  sands  and  gravels  are  overlaid  by 
basalt ; — an  overflow  probably  from  the  mountains  on  the  west,  form- 
ing an  extensive  couUe  over  the  whole  upper  part  of  the  Plain  of 
Selmas  *.  The  river  itself  flows  between  natural  clifls  of  about 
300  feet  in  height,  exposing  a  fine  section. 

The  basalt,  which  constitutes  one  half  of  the  cliff,  is  in  its  lower 
portion  highly  compact  and  regularly  columnar;  but  in  passing 
upwards  the  columnar  structure  ceases,  and  the  rock  becomes  less 
compact,  until  at  the  surface  it  is  a  highly  vesicular  basalt.  Di- 
spersed throughout  are  crystals  of  leucite  and  other  volcanic  minerals. 
The  castle  of  Chehrik  is  built  upon  a  very  picturesque  rock  of  the 
columnar  basalt,  which  is  separated  from  the  main  mass  and  stands 
isolated  in  the  centre  of  the  ravine.  The  sandstones  and  gravels 
exhibit  much  less  change  near  the  overflow  of  igneous  matter  than 
miffht  be  expected ;  the  sandstones,  however,  are  somewhat  hardened, 
and  the  pebbles  appear  as  though  they  had  been  submitted  to  the 
action  of  fire. 

Mixed  here  and  there  with  the  vesicular  basalt  are  amorphous 
masses  of  pink,  cellular,  basaltic  scorise. 

Many  of  the  cells  are  filled  with  yellowish  carbonate  of  lime,  and 
contain  volcanic  crystals,  especially  olivine  and  hornblende,  with  a 
little  mica.  Their  exterior  is  more  compact  than  the  interior,  ex- 
hibits a  greater  proportion  of  calcareous  matter,  and  is  frequently 
coated  with  a  thick  enduit  of  the  same.  It  has  been  suggested,  that 
these  masses  are  volcanic  bombs,  but  the  large  size  of  many  of  them 
is  opposed  to  this  idea.  In  my  opinion,  they  are  portions  of  calca- 
reous tufa,  torn  from  their  parent  rock  during  the  flow  of  the  basalt 
over  it,  and  they  have  assumed  their  present  character  by  being 
rolled  up  and  fused  in  the  heated  mass,  and  by  the  injection  of 
igneous  gases. 

In  favour  of  this  hypothesis  we  have  on  the  north  side  of  Anju- 
lukh  Dagh,  a  very  conspicuous  peak  of  stratified  travertin,  which 
bears  on  its  summit  a  famous  Castle  called  Kalah  Kami.  This 
peak  has  been  forced  up  by  the  granitic  rocks  of  the  Dagh,  having  its 
strata  dipping  to  the  north  at  an  angle  of  45°.  Its  base  is  concealed 
under  the  basalt.  The  extreme  whiteness  of  this  peak  forms  a  striking 
contrast  with  the  black  igneous,  rock  of  the  adjoining  plain. 

*  I  bad  DO  opportunity  of  visitinj^  the  country  west  of  Chehrik,  to  ascertain 
the  point  from  which  the  basalt  has  its  origin.  At  some  distance,  however, 
beyond  Chehrik,  there  exists  a  high  peak,  with  a  small  extinct  volcanic  crater, 
around  the  base  of  which  Lieut.  Glascott,  R.N.,  and  Mr.  Jackson,  I.N.,  observed 
a  vast  circuit  of  basaltic  matter.  It  is  not  improbable  that  the  basaltic  flow  over 
the  Plain  of  Selmas  has  proceeded  from  this  crater. 
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The  eastern  limit  of  the  basalt  is  pretty  correctly  marked  across 
the  Plain  of  Selmas  by  numerous  little  rounded  knolls  of  this  rock, 
which  extend  along  a  line  drawn  from  the  east  of  Kalah  Kami^  on 
the  souths  to  the  Derik  stream  on  the  north. 

Soon  after  quitting  the  village  of  Selmas^  on  the  road  to  Derik,  the 
red  sandstones  which  were  previously  observed  on  the  descent  from 
the  Anjulukh  Pass,  again  appear  from  beneath  the  rich  alluvial  soil 
of  the  plain.  The  .beds  dip  on  their  first  appearance  at  an  angle  of 
20°  to  the  south,  but  this  dip  increases  in  ascending  the  ravine  of 
the  Derik  stream,  until  the  beds  become  perfectly  vertical.  Layers 
of  gravel-conglomerate  are  associated  with  the  upper  part  of  the 
sandstone-series.  In  one  locality  a  thin  bed  of  loose  gravel  rests 
on  the  broken  edges  of  the  sandstones,  and  is  overlaid  by  an  hori- 
zontal deposit  of  cream-coloured  travertin.  The  vertical  sandstones 
and  the  travertin  are  again  covered  by  the  basalt,  which  dips  at  an 
angle  of  2^  to  the  south.  Towards  the  north  the  basalt  gradually 
decreases  in  thickness,  becoming  less  columnar  and  more  vesicular, 
until  it  finally  dies  out  somewhat  abruptly  on  the  west  bank  of  the 
ravine,  where  it  overlies  a  considerable  bed  of  travertin.  On  the 
east  of  the  stream,  the  basalt  only  occurs  in  one  insignificant  patch, 
upon  the  summit  of  a  small  peak  of  sandstone.  Wherever  the  tra- 
vertin is  in  contact  with  the  basalt  it  is  rendered  hard  and  compact. 

In  the  bed  of  the  stream  are  blocks  of  pink  basaltic  scorise,  similar 
to  those  which  were  observed  in  coimexion  with  the  basalt  in  the 
Chehrik  Cliffs,  near  E^ah  Kami;  but  they  contain  a  much  larger 
quantity  of  calcareous  matter.  Further  up  the  ravine  the  tufa 
exhibits  much  contortion,  and  is  penetrated  by  a  peak  of  dark- 
coloured  heavy  rock  of  decomposing  felspar  mixed  with  dark  car- 
bonate of  lime.  Upon  the  sides  of  this  peak  are  several  detached  pieces 
of  tufa,  torn  away  from  the  parent  mass,  and  so  metamorphosed, 
that  it  would  be  almost  impossible  to  recognize  it  in  the  pure  white 
marble  into  which  it  has  been  converted,  were  it  not  that  we  can 
trace  it  through  all  its  phases.  In  some  instances  it  bears  a  remark- 
able similarity  to  some  of  the  beds  of  Nummulitic  limestone  in  the 
south.  Passmg  onwards  to  the  north  of  the  felspathic  peak,  we 
affain  have  the  tufa  contorted,  and  resting  against  and  upon  it.  It 
afterwards  bends  down  towards  the  little  village  of  Derik,  where 
powerful  springs  are  now  in  action,  producing  travertin  in  abundance, 
and  showing  the  agency  which  deposited  the  older  and  altered  tufa. 
The  narrow  valley  of  Derik  is  bounded  on  the  north  by  high  moun- 
tains of  igneous  rocks,  among  which  the  felspathic  and  hornblende 
compounds,  so  common  in  this  region,  are  found. 

Travertin  Springs, — As  calcareous-tufa-springs,  from  this  point 
northwards,  are  of  continual  occurrence,  and  as  the  deposits  formed 
by  them  have  vast  geological  importance,  a  description  of  those  at 
Derik,  which  is  a  good  example  of  all,  is  worth  recording. 

The  springs  are  close  to  the  village.  They  are  numerous,  though 
two  only  have  any  great  flow  of  water.  These  are  about  six  yards 
from  each  other,  and  rise  from  the  bottom  of  irregular-shaped 
basins,  between  4  and  5  feet  in  depth.     The  water  rises  vrith  great 
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Ibrce  in  the  more  northerly  hasin,  at  regular  intervals^  but  in  the 
other  irreffuLirl J,  at  intervals  of  five  or  seven  seconds,  gargling  from 
below,  and  throwing  up  a  strong  jet  to  the  height  of  a  foot  above  the 
surface.  The  temperature  of  the  two  springs  is  the  same,  viz.  96° 
Fahr.,  indicating  a  common  origin.  The  water  is  strongly  nitrous 
and  chalybeate.  As  the  surface  of  the  water  cools,  numerous  thin 
lamelbe  of  cream-coloured  carbonate  of  Ume  are  formed,  and  float 
about  hke  scum.  These  lamellse  are  sometimes  two  inches  long,  and 
about  the  thickness  of  a  wafer ;  the  upper  surface  is  smooth  and 
shining,  as  if  strongly  glazed,  and  the  under  surface  frequently  shows 
its  crystallized  structure.  They  are  carried  along  by  the  water  as  it 
flows  from  the  basins,  and  form  a  thin  coating  upon  the  surface  of 
the  rapidly  forming  travertin.  Under  the  feet  these  lamellae  crackle 
and  break  like  thin  "  cat-ice." 

As  the  water  flows  onwards,  cooling  in  its  passage,  it  deposits  its 
heavier  calcareous  matter  in  small  granules  of  cre^m-coloured  car- 
bonate of  lime,  which  become  cemented  together  by  the  continual  in- 
filtration of  the  water  through  them,  and  at  length  are  sufficiently 
compact  to  be  called  travertin.  In  passing  over  and  among  these 
forming  granules,  the  water  is  soaked  up  as  if  by  a  sponge,  and  hence 
it  has  frequently  been  described  by  travellers  as  becoming  petrified  on 
the  spot  I 

The  process  of  deposition  of  the  calcareous  particles  is  without 
doubt  exceedingly  rapid ;  but  not  sufficiently  so  to  be  observed 
instantaneously. 

Sometimes  the  calcareous  matter  is  deposited  in  thin  concentric 
circles  (the  exterior  one  frequently  a  quarter  of  an  inch  in  diameter), 
granulated  on  the  surface.  The  great  body  of  the  water,  however, 
passes  over  the  curved  mass  of  the  travertin  into  the  ravine  below,  in- 
creasing the  bulk  with  additional  layers.  The  travertin  assumes  the 
stalactitic  form  when  the  water  flows  over  some  pendent  plant  or 
other  body;  in  such  cases  a  rippled  and  honeycombed  aspect  is 
produced.  From  the  hot  springs  to  the  bottom  of  the  ravine  is  a 
depth  of  about  60  feet, — a  solid  mass  of  travertin  ;  while  at  three 
times  that  height  above  the  springs  the  older  and  altered  deposit 
rests  on  the  slope  of  the  felspathic  rock. 

Other  springs  flow  in  small  streams  from  holes  in  the  travertin ; 
they  are  less  saline,  and  more  strongly  chalybeate,  while  the  tempera- 
ture does  not  exceed  90°  or  92°  Fahr. 

Above  the  village  is  the  basin  of  an  extinct  spring.  The  hot 
springs  of  Derik  are  much  resorted  to  for  every  species  of  complaint 
to  which  the  Kourd  is  subject. 

It  may  be  worth  while  to  recur  to  the  various  changes  which  have 
taken  place  since  the  deposition  of  the  red  sandstones  and  gravel 
beds,  which  I  assume  to  be  of  the  same  age  as  the  similar  beds 
occurring  near  Dizful,  and  containing  evidences  of  the  existence  of 
feline  animals,  and  therefore  of  comparatively  modem  formation. 
We  have : — 
1.  The  elevation  of  these  beds  from  an  horizontal  into  a  vertical 
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posidon,  and  the  production  of  the  Plain  of  Selmas^  probably  by 
the  eniption  of  the  homblendic  rocks  on  the  north  and  sonm. 

2.  The  denudation  of  the  edges  of  the  upraised  rocks,  and  the  depo- 

sition of  the  horizontal  thin  bed  of  coarse  g;raTe]. 

3.  The  formation  of  a  vast  bed  of  travertin  from  thermal  springs. 

4.  The  eruption  of  the  felspathic  mass,  carrying  with  it  portions  of 

trayertin,  torn  from  the  deposit  in  situ^  and  contorted  during 
instantaneous  elevation. 

5.  The  overflow  of  the  basaltic  eoulSe  from  the  west  or  north-west, 

covering  up  and  altering  the  edges  of  the  vertical  sandstones 
and  contorted  travertin ;  and  the  cooling  of  the  heated  mass, 
whereby  probably  was  formed  the  fault  or  crevice  through 
which  the  Chehrik  stream  flows. 

6.  The  deposition  of  the  alluvial  soil  of  the  Plain  of  Selmas. 

7.  The  present  action  of  the  thermal  springs,  depositing  powerful 

beds  of  travertin ;  which  action  must  have  been  constant  since 
the  end  of  the  second  period  above  aUuded  to. 

Section  from  Selmas  to  G^veijin  Kalah,  on  the  Lake  of  UHimia^ 
Yik  lesiSii.     Fig.  17. 

On  quitting  the  Plain  of  Selmas,  the  road  traverses  an  open  pass 
at  the  village  of  Ali-dbM,  between  Zendesht  Dagh  (an  extension  of 
Anjdlukh  Dagh),  on  the  west,  and  the  peak  of  Sdret  Bumf  (so 
called  from  the  sculptured  equestrian  figures  of  the  Sassanian 
dynastv),  on  the  east.  The  rocks  here  consist  of  blue,  altered,  and 
crystalline  limestone,  much  contorted.  A  little  further  on,  to  the 
left  of  the  road,  there  rises  from  the  plain  a  soliUuy  peak,  the  sum- 
mit of  which  is  of  the  same  blue  limestone,  passing  downwards  into 
a  heavier  compact  variety,  filled  with  small  transparent  crystals  of 
carbonate  of  lime,  which  give  it  the  aspect  of  a  calcareous  grit. 
This  is  underlaid  by  hard,  fine-grained,  red,  compact  fluor,  asso- 
ciated with  red  jasper.  The  jasper  reposes  on  a  mass  of  pink, 
quartzv,  granitic  rock.  The  above-mentioned  deposits  here  dip 
towards  the  north,  as  they  likewise  do  on  the  south  side  of  Zendesht 
Dagh,  at  the  base  of  which  is  the  hot  sulphur-spring  of  Issi  Sd. 
This  spring  rises  from  beneath  a  mass  of  altered  blue  limestone,  sur- 
mountmg  grey  limestone-breccia,  which  emits  a  strong  odour  of 
sulphur ;  both  of  these  rocks  have  been  thrown  off  from  the  side 
of  the  range.  The  temperature  of  the  spring  is  99°  5'  Fahr.  It 
deposits  a  considerable  efflorescence  of  carbonate  of  soda,  generally 
pure  white,  but  frequently  tinged  with  yellow  and  red,  m)m  the 
presence  of  oxide  of  iron.  In  the  same  neighbourhood,  at  a  place 
called  Temtemah,  there  is  a  cold  spring  depositing  travertin,  which 
I  omitted  visiting. 

From  Issi  Sd,  the  road  crosses  a  considerable  spur  running  in  an 
easterly  direction  from  the  main  chain.  It  is  composed  of  pink 
quartzy  rock, — pink  felspathic  granite, — a  highly  micaceous  dark  gra- 
nite,—- compact  hornblende-rock, — and  various  homblendic  mixtures. 

A  gradual  descent  conducts  to  the  small  plam  of  Kiirt  KeWLn, 
containing  numerous  villages. 
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Further  eastward,  where  this  spur  projects  into  the  Lake  of 
Urdmia,  it  is  composed  chieflj  of  compact  homhlende,  and  com^* 
pounds  of  the  same  mineral  with  others.  On  the  south  side  of  the 
extremitj  of  the  spifr  these  igneous  rocks  are  capped  hy  hlue  cry- 
stalline umestones  of  the  same  character  as  at  Zendesht  Dagh,  and 
dipping  to  the  S.E.  On  the  summit  and  northern  side  are  patches 
of  hard,  heavy,  white  ehert,  frequently  tinged  with  red,  and  contain- 
ing common  opab. 

Between  the  Plain  of  Ktirt  Kerin  and  Gdveijin  Kalah,  there 
intervenes  another  spur  called  Wurgowiz,  parallel  to  the  former, 
and  which,  projecting  into  the  Lake  of  Unimia,  forms  the  promon- 
tory of  Gdverjin.  It  is  also  composed  of  the  same  granitic,  hom- 
hlendic,  and  pink-quartzy  rocks.  The  mountain  slopes  gradually 
towards  the  Lake,  and  leaves  a  plain  ahout  a  mile  in  width  at  its 
southern  base,  between  it  and  the  Lake.  Connected  with  the  main- 
land  by  a  narrow  slip  of  sand  and  shingle  of  well-rolled  pebbles  of 
limestone  and  igneous  rocks,  a  white  limestone  rock,  about  400  feet 
in  height  and  perpendicular  on  all  sides,  rises  out  of  the  Lake.  Upon 
this  are  the  ruins  of  an  ancient  castle,  called  Gdveijin  Kalah,  which 
takes  its  name  from  the  abundance  of  pigeons  which  frequent  it.  A 
similar  perpendicular  rock,  but  complete!?  surrounded  by  the  Lake, 
is  another  prominent  object  to  the  N.N.E.,  at  a  distance  of  abqut  a 
quarter  of  a  mile,  and  there  are  several  smaller  islands  at  a  still 
greater  distance  in  the  same  direction. 

The  following  is  a  careful  descending  section  of  the  Castle  Rock. 
The  beds  are  all  conformable  to  each  other,  and  dip  at  an  angle  of 
7°  towards  the  £.S.£.,  which  dip  is  of  coarse  due  to  the  igneous 
rocks  of  the  Wurgowiz  spur  on  the  north. 

1.  Compact,  hard,  crystalline,  white  limestone,  becoming  concre- 

tionary in  passing  downwards,  afterwards  marly. 

2.  Light-blue  marl,  with  hard  flesh-coloured  flints  and  nodules  and 

irr^;ular  fragments  of  limestone.  It  contains  abundant  Corals 
tn  Mtu  and  in  layers,  below  which  are  numerous  specimens  of 
Clypeaster,  Echinolampus,  Pecten,  Serpula,  and  casts  of  various 
Univalve  and  Bivalve  shells. 

3.  Compact  mass  of  highly  crystalline  coralline  nodules  in  hard  marl. 

The  thickness  of  the  above  three  beds  is  about    ....   250  feet. 

4.  Fine  reddish  gravel,  or  coarse  sand-conglomerate,  much 

hardened,  and  filled  with  fragments  of  fossils   18  „ 

5.  Friable  yellow  sandstone,  very  finely  grained,  with  frag- 

mentary fossils 15  „ 

This  bed  passes  into 

6.  Hard  and  compact,  srey,  marly  limestone,  filled  with 

Corals  and  casts  of  shells 6  „ 

7.  Hard  reddish  marl,  abounding  in  shells 21  „ 

8.  Brownish-yellow,  friable  sandstones,  with  several  thin 

layers  of  gravel  and  conglomerate,  of  variously-sized 
rounded  pebbles 100  „ 

Total  thickness  of  Section. .    410  feet. 
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I  was  informed  by  Mr.  Perkins  (the  head  of  ihe  American  Mis- 
sionary Establishment  at  Urtimia,  whose  geological  remarks  on  that 
neighbourhood  have  been  published  by  Prof.  Hitchcock)  that  he 
had  heard  of  the  existence  of  fossil  vegetables  on  some  of  Uie  islands 
at  Gdverjin. 

There  are  certainly  none  at  the  Kalah^  and  as  there  were  no  boats 
on  the  Lake,  I  had  no  means  of  access  to  these  islands.  Possibly, 
however,  the  vermiform  casts,  which  are  not  uncommon  in  the  sand- 
stones, may  have  been  mistaken  for  remains  of  plants. 

Many  of  the  fossils  derived  from  the  Kalah  llock  have  a  remark- 
able resemblance  to  those  of  Kirrind  and  Piil  1  Tang ;  but  they  have 
not  yet  undergone  careful  examination.  There  is,  however,  an 
entire  absence  of  the  characteristic  Nummulites  of  those  localities. 

In  this  short  section  we  have  limestone  assuming  three  different 
forms ;  viz.  the  white  limestone  of  Gdverjin  Kalah, — ^the  blue  lime- 
stone of  Wurgowiz  and  Zendesht, — and  the  chert  with  opals  of  Wur- 
gowiz. 

Are  we  to  conclude  that  these  were  deposited  at  different  epochs, 
or  is  it  more  reasonable  to  suppose  that  they  are  only  varieties  of  the 
same  deposit,  formed  under  different  circumstances?  That  white 
limestone  is  converted  into  blue  by  its  proximity  to  the  igneous  rocks 
has  been  pretty  clearly  shown  in  previous  sections ;  and  that  fossils 
should  by  the  same  cause  be  altogether  obliterated,  is  an  established 
feet.  I  am  therefore  inclined  to  regard  the  three  varieties  of  lime- 
stone in  this  district  as  the  same  deposit,  and  probably  of  nearly 
identical  age  with  the  upper  beds  of  the  NummuHtic  rocks  of  the 
south. 

Lake  of  Uritmia. 

As  considerable  beds  of  rock-salt  exist  in  the  neighbourhood  of  the 
Lake  of  Urdmia,  and  as  a  former  condition  of  the  Lake  itself  appears 
in  some  measure  to  hf^ve  assisted  in  the  formation  of  this  viduable 
mineral,  and  therefore  to  be  within  the  scope  of  the  geologist's 
researches, — I  trust  it  will  not  be  considered  a  digression,  2*  I  briefly 
make  a  few  remarks  upon  this  lake. 

The  Lake  of  Urdmia  measures  about  82  miles  in  length,  from 
north  to  south,  and  about  24  miles  at  its  greatest  breadth,  from  east 
to  west.  Its  level  is  4 1 00  feet*  above  the  sea.  The  water  is  of  a  deep- 
azure  colour,  but  there  is  something  exceedingly  unnatural  in  its  heavy 
stillness  and  want  of  life.  Small  fragments  of  Fuel,  saturated  with 
salt,  and  thrown  ashore,  form  a  low  ridee  at  the  margin  of  the  Lake, 
and  emit  such  a  noxious  effluvium  under  a  hot  sun,  as  to  produce 
nausea  at  the  stomach.  The  sulphuretted  hydrogen  generated  from 
the  Lake  itself  without  doubt  adds  to  this  sensation. 

The  water  is  intensely  salt,  and  evaporates  so  rapidly,  that  a  man, 
who  swam  in  to  bring  me  a  bottle  of  the  water  for  analysis,  on 
coming  out  was  coveted  with  particles  of  salt,  and  looked  as  white 
and  ludicrous  as  though  he  had  been  thrown  into  a  flour  tub. 

*  According  to  the  measurement  of  the  Rev.  Mr.  Stoddard  of  Urdmia. 
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According  to  Prof.  Hitchcock,  the  specific  grayit^  of  the  water  of 
Urdmia  Lake  ia  1*155^  and  his  analysis  of  500  grains  gave  102*1  of 
salts,  or  more  than  one-fifth  of  the  whole.  The  water  of  the  ocean 
only  yields  one-thirtieth  of  its  weight  in  salts. 

At  Gdyerjin  Kalah  the  temperature  of  the  water  on  the  14th 
August  1852,  at  1 1''45"'  a.m.,  was  78°  Fahr.,  which  is  h^h ;  possibly 
on  account  of  the  proximity  of  the  limestone  rocks. 

I  carefully  examined  the  surface  of  the  rocks  at  the  water's  edge, 
but  could  detect  no  indications  of  tlie  Lake  having  ever  been  higher 
than  at  present.  The  natives  say,  that  they  remember  no  change  of 
level,  beyond  a  slight  annual  rise  and  fall  attendant  on  the  melting 
of  the  snows.  This  does  not  agree  with  the  accoimt  of  Mr.  Perkins, 
who,  from  many  years'  carefud  observation,  says,  that  the  Lake  of 
Urdmia  is  rapidly  diminishing  in  extent; — that  the  small  dykes 
which  existed  eighteen  years  ago  for  the  purpose  of  restraining  the 
water  in  shallow  troughs,  where  salt  was  collected,  and  were  then 
close  upon  the  edge  of  the  Lake,  are  now  fully  hidf  a  mile  distant 
from  the  present  margin.  Salt  is  collected  along  the  shores  in  large 
quantities,  and  conveyed  into  Turkey.  On  crossing  the  Frontier  a 
tax  of  ten  paras  (rather  more  than  a  halfpenny)  per  Toad  is  exacted ; 
the  value  of  a  load  in  Turkey  being  about  U.  3d.  It  would  be 
interesting  to  ascertain  whether  the  sfdtness  of  the  water  is  increasing 
or  diminishing. 

Some  authors  have  endeavoured  to  account  for  the  excessive  salt- 
ness  of  the  Lake  by  supposing  that  it  is  attributable  to  the  streams 
which  flow  into  it  from  salt  rocks  on  the  north  and  east.  This 
theory,  however,  cannot  be  maintained;  becaose  such  streams  are 
comparatively  few  and  insignificant,  and  their  eflect  would  be  neu- 
tralized by  the  large  number  of  pxire  streams,  some  of  considerable 
size,  which  flow  from  other  quarters,  especially  those  rising  in  the 
lofly  Frontier-chain  on  the  west. 

My  own  idea  on  the  subject  is  based  upon  the  examination  of  the 
neighbouring  igneous  chain,  which,  it  is  evident,  has  been  elevated 
at  a  very  recent  period.  During  this  elevation,  it  is  by  no  means 
diflicult  to  conceive  that  large  isolated  bodies  of  salt  water  were 
detached  from  the  then  existing  main  ocean,  and  settled  in  basins, 
such  as  the  Caspian  and  Aral  Seas,  and  the  Lakes  of  Urdmia  and 
Van.  Supposing  that,  after  detachment,  a  rapid  evaporation  took 
place  from  great  heat  caused  by  igneous  action  at  the  bottom  of 
these  basins,  the  water  would  of  course  become  more  salt,  and  under 
certain  cirl&umstances  rock-salt  would  be  deposited.  (See  also  p.  309.) 
Continual  evaporation  wovild  tend  to  increase  the  saltness ;  and,  if  the 
freshwater  streams  flowing  in  did  not  equal  the  quantity  of  water  so 
dissipated,  a  continually  increasing  saltness  would  take  place,  while 
the  sea  or  lake  would  be  gradually  decreasing  its  limits.  Such  I 
believe  to  have  been  the  origin  and  cause  of  the  excessive  saltness  of 
the  Lake  of  Urdmia.  In  corroboration  of  this  theory,  we  have  not 
only  porphyritic  and  granitic  eruptions  on  its  shores,  but  consider- 
able deposits  of  rock-uilt  in  the  neighbouring  Plain  of  Khni,  which 
are  described  in  the  following  Section. 

y2 
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Section  from  Selm6s  to  the  Plain  ofKhoi,    Fig.  18. 

At  about  3^  miles  due  north  from  the  town  of  Dilman  is  a  small 
artificial  "  tepeh,"  or  mound,  constructed  upon  the  extremity  of  a 
p:raTel  spur  from  the  east,  at  the  Tillage  of  Mor4njdk.  This  grayel 
18  chieflj  composed  of  angular  and  loose  fragments  of  blue  lime- 
stone. On  quitting  Mordnjdk,  the  road  turns  to  the  N.E.,  and 
at  the  pass  called  Khonli  Dereh,  ascends  over  extensive  and  undu- 
lating calcareous  marl  hills,  the  horizontal  stratification  of  which  is 
partiallj  concealed  under  a  gravel-capping.  On  descending  into  the 
rlain  of  Khoi,  the  marls,  c,  fig.  18,  make  their  appearance  in  power- 
ful beds  of  light-blue  and  wlute  layers,  alternating  with  each  other. 
The  next  lower  rock  is  a  deep-red,  indurated,  calcareous  marl,  d^ 
which  rises  into  a  beautifully  rounded  dome,  called  KM  Tepeh,  on 
the  north  side  of  which  these  red  marls  are  again  overlaid  by  the 
white  and  blue  beds,  and  these  again  by  a  thin  layer  of  brownish- 
yellow  limestone,  6.  Frodi  the  foot  of  the  Pass  to  the  Ddzlak,  or 
"  Salt  Hill,"  is  a  distance  of  3^^  miles  across  a  plain  covered  with 
salt  efflorescence  on  the  surface.  The  glare  arising  from  it  renders 
the  short  ride  exceedingly  painful  to  the  eyes.  The  Dtizlak  is  a 
small  and  conspicuous  hUl  in  the  centre  of  the  plain,  nearly  circular 
in  form,  three-quarters  of  a  mile  in  circumference  at  its  base,  and 
150  feet  high.  It  has  a  remarkable  appearance  in  the  distance,  and 
is  composed  of  a  deep-red  marl  dome,  e,  rising  from  among  super- 
imposed beds  of  light-blue  or  grey  marls.  On  examination,  the  red 
marl  proves  to  be  exceedingly  friable,  and  to  be  associated  with  a 
fine-grained,  exceedingly  hard,  red  sandstone,  impregnated  with  small 
crystals  of  salt ;  sometimes  this  sandstone  is  grey  and  of  a  fibrous 
structure,  and  the  mineral  forms  clear  stalactites  between  the  layers. 
The  blue  or  grey  marls  are  capped  by  fine  loose-grained  sandstones, 
which  pass  into  a  coarse  gravel,  abounding  with  Corals  in  a  beautiful 
state  of  preservation ;  some  of  these  undoubtedly  lived  during  the 
deposition  of  the  gravel;  but  others  have  been  decidedly  derived 
from  an  old  bed  of  crystalline  yellow  hmestone,  f  and  are  much 
rolled  and  worn.  Laree  water-worn  blocks  of  the  limestone  lie  at 
the  base  of  the  hill.  I  am  unable  to  state  whether  they  have  been 
transported  from  another  locality,  or  whether  they  are  projecting 
fragments  of  the  rock  in  situ,  I  am  inclined  to  regard  them  as 
in  sitUy  because  they  do  not  elsewhere  appear  on  the  plain. 

Immense  excavations  have  been  made  into  the  blue  marls  for  the 
purpose  of  obtaining  salt,  which  valuable  mineral  here  occurs — 1st, 
in  a  state  of  powder ;  2nd,  in  a  solid  mass  of  irregular  blocks,  firmly 
imbedded  and  locked  with  each  other,  hard  and  crystalline ;  3rd,  in 
transparent  and  very  pure  cubes.  TTie  second  variety  is  Uie  most 
abundant.  The  transparent  cubes  are  only  met  with  at  the  lowest 
parts  of  the  excavations,  which  are  now  quite  abandoned,  owing  to 
the  slovenly  manner  in  which  they  have  been  conducted,  and  con- 
sequently to  the  danger  attending  the  working.  The  great  wonder 
is,  that  the  labourers  are  not  frequently  buried  by  the  faUing  of  the 
walls  of  the  excavations.     Some  of  the  holes  are  60  or  70  feet  deep ; 
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and,  as  any  one  is  at  liberty  to  dig  how  and  where  he  pleases,  it  may 
be  well  imagined  what  a  "  warren  *'  the  Salt  Hill  is  b^me. 

At  the  base  of  the  hill  the  hard  crystalline  limestone  is  completely 
fiDed  with  fossils,  especially  beautiful  and  perfectly  preserved  Corals, 
together  with  casts  of  shells,  among  which  are  an  Jrcoy  Lithodomus, 
and  Trochus,  The  CJorals  a^ree  in  species  generally  with  those  from 
Guyerjin  Kalah,  and  many  of  them  present  a  remarkable  resemblance 
to  species  from  the  European  deposits  of  Gosau. 

Quantities  of  massiye  gypsum  and  crystals  of  selenite  are  im- 
bedded in  the  sandstones  and  loose  grayel.  The  surface  of  the  Salt 
Hill  is  of  rotten  blue  marl  and  sand,  apparently  derived  from  the 
melting  of  the  mineral  and  the  decomposition  of  the  matrix,  by 
atmospheric  causes.  Gypsum  and  selenite  also  lie  strewed  in  great 
abundance  on  this  decayed  soil. 

The  Plain  of  Khoi  would  appear  to  be  an  horizontal  deposit  of 
the  aboYC-mentioned  sandstone  and  grayel. 

In  accounting  for  the  origin  and  saltness  of  the  Lake  of  Urdmia, 
I  haye  concluded  that  these  are  due  to  the  recent  eruption  of  the 
igneous  rocks,  p.  307.  I  belieye  that  the  red  and  blue  marls  con- 
taining the  rock-salt  (together  with  the  associated  sand  and  grayel 
deposits  at  the  Ddzlak,  in  the  Plain  of  KhoQ  were  in  process  of 
formation  at  the  period  when  the  igneous  rocks  were  intruded  from 
beneath  the  bed  of  the  then  existing  ocean,  carrying  with  them 
portions  of  the  stratified  deposits, — and  that  the  intensity  of  yolcanic 
action  was  such  as  to  produce  solidified  rock-salt  from  the  depths  of 
the  sea  in  the  pure  state  here  met  with.  By  the  same  action,  the 
sands  saturated  with  sea  water  would  be  converted  into  such  a  rock 
as  the  saliferous  sandstone  of  the  Dtklak.  The  portion  of  the 
liquid  mass  which  remained  after  the  disturbance  uneyaporated,  from 
depth  or  other  cause,  constituted  the  modem  Lake  of  Urdmia,  and 
I  imagine  that  similar  salt-lakes  were  formed  in  a  like  manner,  yary- 
mg  however  in  their  saltness  according  to  circumstances, — ^yiz.  depth, 
intensity  of  volcanic  action,  &c.  In  ravour  of  this  view,  it  is  worthy 
of  remark,  that  the  most  pure  and  perfect  crystals  are  at  the  greatest 
depth,  where  of  course  the  pressure  from  above  and  the  internal 
heat'mnst  have  been  greatest ;  while  the  least  compact  salt  is  at  the 
surface. 

The  above  theory  appears  to  me  to  be  the  most  simple  in  account- 
ing for  the  origin  of  rock-salt  in  this  region,  and  for  the  intense  salt- 
ness of  the  Lake  of  Urdmia.  That  the  streams  flowing  from  the 
neighbourhood  of  salt-deposits  have  no  influence  on  the  quality  of 
the  water  of  the  Lake  itself  is  evident,  since  they  are  drinkable,  and 
at  Shab^,  half  a  mile  from  the  Ddzlak,  the  water,  though  brackish, 
is  by  no  means  disagreeable.  That  a  vast  amount  of  rock-salt  exists 
beneath  the  Lake  and  surrounding  plains  is  almost  certain. 

The  isolation  and  elevation  of  the  Ddzlak  are  not  difficult  to  explain, 
seeing  the  proximity  of  the  igneous  chain,  and  the  probability  of  its 
being  a  dome,  forced  up  in  the  centre  of  the  basin. 
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Section  between  the  Plain  o/Kho'i  and  Fan.     Fig.  19. 

From  the  Plain  of  Khoi  the  road  to  Kottir  traverses  a  long  narrow 
ravine  up  the  course  of  the  small  stream,  flowing  from  Kotdr  to 
Khoi.  The  precipitous  mountains  on  either  side  are  vari^ted  with 
every  hue  and  shade  of  contorted  calcareous  marls  or  limestones ;  but 
the  beds  are  utterly  devoid  of  fossils, — undergo  every  degree  of  con- 
tortion,— and  graduate  insensibly  into  each  other  in  colour,  so  that  it 
is  quite  impossible  to  make  out  any  regular  order  of  stratification. 

For  the  first  two  imles  from  the  entrance  of  the  ravine,  the  varie- 
«ited  marls  occur  on  both  sides ;  but  at  the  Beacon,  erected  by  H.  E. 
Dervish  Pasha,  the  Turkish  Commissioner,  the  following  descending 
section  was  observed : — 

1 .  Dark-brown  heavy  ironstone-clay. 

2.  Light-blue  or  grey  calcareous  slates,  varying  through  inter- 

mediate shades  to  dark-purple ;  of  great  extent,  frequently  in 
a  decomposing  state. 

3.  Highly  indurated,  deep-red,  calcareous  marls  and  clayslate, 

sometimes  passing  into  serpentine;  and  compact  limestone 
enclosing  amygdaloid. 

4.  Compact   limestone,  varying  from  light-grey  to  dark-olive- 

green,  containing  small  crystals  of  carbonate  of  lime. 

About  four  miles  from  the  Beacon  is  a  solitary  flat-roofed  Caravan- 
serai, close  to  which  is  a  chalybeate  spring,  67°  Fahr.,  depositing 
calcareous  tufa  as  at  Derik.  Above  the  spring  is  an  horizontal  b^ 
of  gravel-conglomerate,  resting  against  the  curved  strata  of  red 
indurated  marls.  The  extent  to  which  tufa-deposits  have  taken 
place  during  the  formation  of  the  marls  is  very  remarkable.  The 
tufaceous  layers  are  intercalated  between,  and  partake  of  the  con- 
tortions of,  the  various  beds  of  marls ;  while  tney  have  all  under- 
gone similar  changes  from  the  action  of  heat.  The  tufa  varies  from 
ihe  loose  and  friable  state  of  its  first  deposition  to  a  compact  lime- 
stone, and  even  to  yellow  or  white  saocharoidal  marble. 

At  seven  miles  from  the  Beacon  is  an  eruption  of  igneous  rocksy 
where  the  following  interesting  section  occurs : — 

3.  Variegated  and  highly  calcareous  marls,  with  much  travertiD, 
nL  layers  and  in  mass.  Some  of  these  marls  or  limestones 
effervesce  yellowish-green  with  muriatic  acid. 

5.  A  thick  bed  of  gravel-conglomerate ;  the  pebbles  are  cemented 

in  brown  oxide  of  iron,  and  are  inverted  into  hard  dark- 
green  or  black  chert  by  the  action  of  the  underlying  igneous 
rocks, — ^which  consist  of : — 

6.  (a)  pinkish    trap,   containing   much  leudte  and   hexagonal 

pnsms  of  mica ; 
(b)  finely  grained  greenish  granite. 
The  travertin  has  been  abundantly  deposited  during  the  formation 
of  the  gravel-conglomerate,  as  well  as  during  the  igneous  eruption ; 
since  it  occurs  in  a  much  altered  state  in  the  midst  of  the  gravel,  as 
well  as  between  the  gravel  and  granite,  which  it  likewise  traverses  in 
broad  highly  crystallized  veins. 
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The  travertin  is  so  largely  developed,  and  is  so  intimately  con- 
nected with  the  marls,  that  there  can  be  little  doubt  of  their  being 
chiefly  composed  of  it.  The  presence  of  iron  has  of  course  produced 
their  variegated  colours ;  and  it  is  a  coincidence,  that  the  travertia 
deposits,  which  are  at  the  present  day  forming  at  innumerable  places 
in  the  ravine,  derive  their  colours  from  the  quantity  of  iron  held  in 
solution  hy  the  springs. 

From  the  vast  extent  of  the  travertin  deposits  in  this  region, — 
and,  in  many  instances  (when  acted  upon  by  igneous  eruptions,  as  in 
the  ravine  of  the  Eotiir  stream,  and  at  Derik),  from  their  remarkable 
similitude  to  the  nummulitic  limestone  of  the  south, — I  am  inclined 
to  think  that  they  have  had  considerable  share  in  the  formation  of 
the  earliest  tertiary  rocks  of  the  Frontier. 

It  is  remarkable  that  some  of  the  friable  limestone  of  Gtiverjin 
Ealah, — and  of  the  No.  7  bed  of  the  Kirrind  and  Mahidesht  section 
('fig.  9,  3  g),  p.  276,  Part  I.  of  this  paper, — cannot  be  distinguished 
vom  the  altered  travertin  of  Derik,  &c.  Supposing  that  the  seas  of 
the  NunmiuUtic  period  abounded  in  travertin  springs,  would  not  the 
superabundance  of  calcareous  matter  sufficiently  account  for  the 
extreme  rarity  of  animal  life,  and  hence  of  fossil  remains  7 

At  twelve  miles  from  Uie  Beacon,  the  small  valley  of  Zerri 
branches  off  on  the  right  bank  of  the  stream.  Here  the  variegated 
marls  entirely  cease,  and  are  succeeded  by  a  second  eruption  of 
Igneous  rocks ; — ^vi2.  the  same  fine-grained  green  granite  as  before, 
traversed  by  veins  of  carhonate  of  lime, — a  dark-coloured  serpentine, 
— ^and  a  grey  conglomerate  of  felspar  and  talc  rock.  The  ravine  now 
widens,  and  gradually  expands  into  the  pretty  Plain  of  Eotdr,  which 
is  bounded  on  the  east  and  south  by  igneous  rocks. 

On  quitting  the  Plain  of  Kotiir,  the  road  turns  to  the  N.W.,  and 
passes  through  a  series  of  red  altered  sandstones,  containing  thick 
beds  of  gravel-conglomerate,  and  resting  upon  a  hard  chert-rock,  of 

C'  Lsh-grey  colour,  which  is  frequently  traversed  by  veins  of  a 
tiful  red  felspar  with  talc. 

It  is  not  improbable,  that  the  upper  layers  of  gravel  are  identical 
in  age  vnth  those  so  much  altered  and  resting  on  the  granite  in  the 
ravine  between  Khoi  and  Kotdr ;  and  they  possibly  belong  to  the 
gypsiferous  formation. 

Turning  towards  the  north,  the  chert-rock  overlies  compact  blue 
limestone,  in  thin  layers. 

All  the  above  heds  are  elevated  and  thrown  downwards  to  the 
south,  at  an  ang]e  of  45°,  by  the  mountain  of  Hallep  Dagh,  which 
is  chiefly  composed  of  very  dark-green  serpentine  and  fine-grained 
grey  granite.  Thin  veins  of  light-green  steatite  traverse  the  ser- 
pentine. In  one  locality  the  serpentine  mass  overhes  the  blue  lime- 
stone, which  is  at  the  point  of  junction  much  contorted. 

At  the  top  of  the  Pass  between  Kotiir  and  Sher4b  Khaneh  is  a 
Httle  freshwater  lake,  surrounded  on  all  sides  hy  small  peaks  and 
undulations  of  limestone. 

From  Sherlib  Khaneh  the  road  crosses  a  low  limestone-ridge, 
covered  with  fine  loose  gravel,  and  descends  into  the  somewhat  lower 
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plain  of  Serai,  which  is  bounded  on  the  north  bj  a  low  ranffe  called 
KuT  Momedeldn.  On  the  south  side  the  plain  is  bounded  by  a 
range  of  blue  and  grej  limestone,  with  slates  dipping  in  the.  same 
direction.  From  the  plain  of  Serai  a  short  descent  over  limestone 
conducts  to  the  Uttle  plain  of  Astajti. 

The  west  extremity  of  this  plain  is  shut  in  by  a  low  range  of 
hornblende  and  talc  rock,  which  protrudes  through  vari^ated 
marls. 

This  range  is  crossed ;  ailer  which,  it  curves  in  a  westerly  direc- 
tion, bouncung  the  road  on  the  north ;  and  finally  joins  the  Kur 
Momedel^,  which  is  composed  of  highly  coloured  and  altered  marls. 
The  red  marls  are  frequently  conyerted  into  serpentine  and  jasper. 
These  beds  dip  at  an  angle  of  40^  to  the  north,  and  repose  on  a  grey 
rock  of  decomposing  felspar  and  hornblende,  as  observed  just  before 
entering  the  plain  of  Ardchek. 

In  the  plain  of  Ardchek  is  a  small  lake,  the  water  of  which  is 
brackish  and  disagreeable.  It  has  no  outlet ;  but  a  few  insignificant 
streams  flow  into  it. 

On  the  south  this  plain  is  bounded  by  an  eastern  prolongation  of 
the  great  igneous  range  called  Warrekh  Dagh  ;  on  the  north  side  of 
whidi  is  an  outer  ridge  of  white  limestone.  The  north  shore  of  the 
lake  washes  the  base  of  the  high  range  called  Kizzulj^h  Dagh,  the 
jagged  summits  of  which  appear  to  be  composed  of  some  igneous 
rock,  beautifully  variegated  by  the  numerous  oeds  of  coloured  marls 
lying  without  visible  order  on  its  slopes. 

The  road  continues  to  the  west  along  the  south  side  of  the  plain 
of  Anzoub,  passine  the  extremities  of  several  low  limestone  spurs 
from  the  lofty  and  craggy  range  of  Warrekh  Dagh.  The  western 
continuation  of  Kizzulj&h  Dagh,  composed  of  white  limestone,  bends 
towards  the  south,  and  at  length  joins  an  important  spur  called 
Ak  Kirpi  Dagh,  projecting  from  Warrekh  Dagh.  A  precipitous 
descent  down  the  escarpment  of  this  Umestone  barrier  conducts  to 
the  plain  of  Van  (which  is  about  four  miles  broad  at  thb  point)  to 
the  shore  of  the  lake.  At  the  distance  of  a  mile  from  the  lake  a 
bold  rock  of  compact  grey  limestone,  400  feet  in  height,  rises  abruptly 
from  the  plain,  presenting  a  perpendicular  fiice  towards  the  west, 
and  extending  about  half  a  mile  in  length  from  north  to  south.  On 
the  summit  of  this  rock  stand  the  Citadel  and  eastern  wall  of  the  City 
of  Van.  The  foundation  blocks  of  the  Citadel  are  of  the  same  lime- 
stone as  that  on  which  they  stand ;  but  the  stone  chiefly  used  in  the 
construction  of  the  more  recent  portion  of  the  buildings  is  of  soft 
reddish  volcanic  breccia ;  and  I  also  observed  many  blocks  of  com- 
minuted white  shell-sand,  in  which  is  a  minute  species  of  Mytilua. 
The  last  is  probably  derived  from  the  shore  of  the  Lake,  or  from  one 
of  the  Islands,  and  is  of  very  recent  formation.  At  the  present  day, 
however,  no  mollusca  inhabit  the  Lake  of  Van. 

Seetian/rom  Fan  to  Mount  Ararat.     Fig.  20. 

At  the  third  mile  from  Van,  the  road  touches  on  the  shore  of  the 
Lake  at  the  ''perek,"  or  soda-basins  ^.320), and  then,  turning  slightly 
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more  towards  the  N.E.,  it  quits  the  Lake  and  crosses  a  low  rismg 
ground.  At  the  highest  point  of  this  rise,  six  miles  from  Van,  a 
few  slate-rocks  project  through  the  red  and  blue  marls  of  the  Kuz- 
snljah  Dagh,  wnich  here  dips  into  the  plain  on  the  S.W.  At  the 
tillage  of  Derlashen  the  yellow  compact  limestone  rises  in  a  thin  bed 
firom  beneath  the  marls.  After  crossing  the  Mermtit  Chu,  and  an 
irreffular  plain  surrounded  by  peaks  of  limestone  and  variegated 
mans,  the  summit  of  an  easy  limestone  pass  is  attained,  which  over- 
looks the  N.£.  spur  of  the  lake.  At  the  foot  of  this  pass,  on  the 
north  side,  a  thin  overflow  of  black  basaltic  lava  covers  up  the  lime- 
stone ;  its  lower  portion  is  compact,  but  on  nearing  the  surface  it 
becomes  highly  vesicular,  and  is  strewed  with  blocks  and  pieces  of 
black  scorise.  The  basalt  borders  the  shore  of  the  Lake  m  a  low 
range,  and  it  constitutes  the  N^W.  side  of  the  Kharp^dk  promon- 
tory, extending  to  near  Mirik,  but  not  crossing  to  the  east  of  the 
road  between  Van  and  the  latter  place.  At  the  entrance  to  Merek 
village,  however,  the  basalt  disappears,  and  its  place  is  supphed  by 
some  conspicuous  peaks  of  white  limestone.  The  village  is  situated 
at  the  height  of  1000  feet  above  the  Lake ;  and  in  3ie  difFs  the 
following  descending  section  is  observed : — 

1.  A  confused  and  broken  mass  of  compact  white  lime- 

stone ;  its  position  not  satisfactorily  made  out  with 
regard  to  the  rocks  of  the  section ;  the  thickness  very 
considerable.  This  is  the  limestone  which  appears  in 
peaks  above  the  village. 

2.  Altered  red  clays ;  thickness  unknown,  but  considerable. 

3.  Grey  volcanic  tuff,  containing  regular  layers  of  ap- 

parently water-worn  pumice,  and  various  volcanic 
products.  In  aspect  it  sometimes  resembles  a  coarse 
grit,  but  is  very  hght 150  ft 

4.  Cream-coloured   tuff,  with    larger    lumps  of   yellow 

pumice,  which  easily  crumble  to  powder ;  very  light 

to  the  touch   40  ft. 

5.  Highly  vesicular,  heavy,  brownish-blue  lava;  vesicles 

very  larse  and  quite  empty.  In  passing  downwards, 
the  vesicles  become  gradually  smaller,  until  they 
finally  disappear,  and  the  lava  at  last  passes  into  a 
dark-blue  compact  basalt       100  ft. 

6.  Alternating  gravel-beds  and  fine  sand  layers,   of  a 

delicate  hght-pink  colour ;  unaltered  by  contact  with 

the  overlying  basalt   250  ft. 

The  dip  of  the  beds  Nos.  2-6  is  at  60""  to  the  S.W.,  i.  e.  from  the 
Lake. 

From  this  single  Section  at  Mirek  it  would  be  impossible  to  pro* 
Bounce  upon  the  age  of  any  of  the  deposits.  They  may  belong  to 
the  Nummulitic,  to  the  Gynsiferous,  or  to^ven  a  later  series. 

From  Mirek  to  the  mourn  of  the  Bend  i  M^  Sd,  at  the  extreme 
N.E.  end  of  the  Lake,  the  road  continues  along  the  shore,  having  a 
high  basaltic  range  on  the  S.E.,  which  sends  down  several  spurs. 
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into  the  Lake.  The  whole  of  the  mountains  closing  in  the  N.E. 
extremity  of  the  Lake  of  Van  are  basaltic,  and  they  present  some 
bold  and  imposing  scenery  to  the  traveller. 

On  the  north  rises  the  lofty  peak  of  Asiirtik  Dagh,  with  its  crateri- 
ft>rm  centre,  having  much  the  aspect  of  a  volcanic  cone  cleft  on  its 
south  side  towards  the  Lake.  Possibly  from  it  issued  forth  the 
streams  of  basalt  on  the  N.W.  side  of  the  Kharpanak  promontory. 
I  had  no  time  to  visit  it.  From  the  extremity  of  the  Lake  to  Begiri 
Kalah  is  a  distance  of  6^  miles  along  an  alluvial  plain,  through  which 
flows  the  Bend  { M^  Sd. 

Following  up  the  oomrse  of  the  stream  from  the  Kalah,  the  road 
traverses  an  open  valley,  ten  miles  in  length,  between  high  and 
imposing  cliffs  of  black  basalt  and  grey  basaltic  lava ;  the  path  is 
much  obstructed  by  lumps  of  loose  scoriae.  At  one  locaUt^  was 
observed  a  mass  of  altered  white  travertin,  overlaid  by  vesicular 
basalt.  Just  previous  to  entering  the  spacious  plain  of  Ab%h£  (in 
which  are  the  abundant  springs  of  the  Bend  f  Mdhi  Sd)  the  stream 
flows  through  low  diffs  of  columnar  and  compact  basalt. 

Immediately  on  entering  the  Plain  of  Ab%h^  upon  the  left  of 
the  road  are  some  isolated  rounded  hills  of  white  lai^a,  enclosing 
glassy  felspar,  and  capped  by  basalt.  The  contrast  of  opposite 
colours  is  very  remarkable.  Several  patches  of  compact  blue  lime- 
stone Ukewise  occur  in  the  same  vicinity. 

The  N.W.  extremity  of  the  plain  is  bounded  by  a  high  mountain- 
mass  of  black  basaltic  lava,  caUed  "Tenddrlf,"  an  expressive  name, 
meaning  "  ovens,"  because  there  is  at  the  summit  a  small  crater, 
which  emits  such  heat,  according  to  the  universally  current  account, 
as  to  roast  meat  suspended  over  it.  From  this  crater  vast  streams 
of  black  lava  have  flowed  down  the  sides  of  the  mountain,  appearing 
in  the  distance  as  if  petrified  in  their  descent.  Around  the  base  of 
Tenddrli,  and  extending  from  it  five  miles  into  the  plain,  is  one  vast 
sea-like  mass  of  amorphous  basalt,  thrown  up,  rolled  over,  and 
doubled  upon  itself;  the  surface  beii^  traversed  by  enormous  fissures 
which  render  it  impassable. 

The  road  winds  round  the  S.E.  extremity  of  this  uninviting  and 
sombre  mass,  and  passes  through  a  gap  m  a  low  blue  limestone 
range.  This  shoots  across  the  plain  uom  the  N.K.W.,  and  is 
covered  up  on  the  N.E.  by  the  lava-flow  which  has  actually  been 
forced  up  the  slope  of  the  limestone  dome. 

From  this  point,  ailer  a  rough  passage  over  scoriae,  the  base  of 
the  lofty  range  of  Kara  Kalah  Dagh  is  reached.  This  range  consists 
of  altered  red  marls,  and  has  clearly  checked  the  further  flow  of  the 
lava  towards  the  east.  Near  the  summit  of  the  pass  over  Kdra 
Kalah  Dagh  the  surface  is  thickly  strewed  with  rounded  pieces  of 
yellowish-white  pumice,  varying  to  the  size  of  half  an  inch.  These 
must  have  been  thrown  out  when  either  the  crater  of  Tenddrli  or 
those  of  Mount  Ararat  were  in  an  active  state  of  eruption.  The 
little  plain  of  Kasley  Gdl  (which  takes  its  name  from  a  small  lake 
in  its  centre)  is  surrounded  by  mountains  of  hard  red  chert  and 
altered  days.    A  long  pass  over  variegated  marls  conducts  to  the 
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town  of  Bayazid,  which  is  situated  near  the  summit  and  commands  a 
fine  yiew  of  the  plains  at  the  foot  of  Moant  Ararat.  On  the  descent, 
the  bine  marls,  which  rest  on  limestone,  exhibit  unequivocal  evidence 
of  there  having  been  considerable  volcanic  agency  at  work  during 
their  deposition.  Numerous  layers  of  large  roundea  lumps  of  basaltic 
lava  tie  closely  packed  together  in  the  marl  matrix. 

The  descending  order  of  stratification  here  is — 1.  Red  marls. 
2.  Blue  marls.  3.  Blue  compact  limestone.  The  last  constitutes 
the  lofty  range  at  the  back  of  the  town,  and  shuts  out  the  view  of 
Mount  Ararat.  It  is  thrown  down  nearly  vertically  towards  the 
S.W.,  i.e.  towards  Bayazid,  and  the  marls  have  been  shot  off  from  it 
in  the  same  direction.  Upon  these  Baydzid  is  built.  A  broad  plain 
intervenes  between  Baydzid  and  Mount  Ararat.  The  two  peaks  of 
this  great  monarch  of  the  Persian  Mountains  are  apparently  a  soUd 
mass  of  basaltic  lava,  similar  to  that  of  Tenddrlf,  but,  of  course,  on 
a  much  more  gigantic  scale.  Immense  streams  have  flowed  into  the 
plains  at  their  foot,  passing  in  their  course  over  the  extremity  of  a 
iDfty  range  of  timestone,  and  again  overflowing  it  at  its  base. 

A  hollow  cone,  broken  dovm  at  its  S.W.  side,  is  situated  in  the 
centre  of  the  lava  flood  a  great  distance  up  the  slope  of  the  Greater 
Ararat,  but  far  below  the  top  of  the  saddde  which  connects  the  two 
peaks.  The  layers  of  the  crater  are  distinctly  seen  in  the  interior, 
dipping  from  the  centre,  and  an  enormous  stream  of  lava  appears  to 
have  flowed  from  the  fractured  side  of  the  cone.  At  the  point  where 
the  connecting  saddle  meets  the  slope  of  the  cone,  there  are  ap- 
jNirently  retics  of  several  ancient  and  decayed  craters. 

There  is  another  on  the  lower  part  of  the  Lesser  Ararat. 

The  limestone  to  the  east  of  Bdzirgan  contains  numerous  casts  of 
fossils,  apparently  of  the  same  species  as  those  from  the  nummutitic 
rocks  of  Einind. 

A  severe  illness  prevented  my  making  further  investigations  in 
this  highly  interesting  district,  which  had,  however,  been  previously 
examined  by  Russian  geologists. 

A  violent  shock  of  earthquake  was  experienced  at  Bay^id,  on  the 
19th  Sept.  1852, — a  sufficient  proof  that  the  internal  fires,  which  in 
ancient  times  produced  such  elevatory  movements  throughout  this 
region,  are  not  yet  extinguished. 

Section /ram  Baydzid  to  Jrdish.     Fig.  21. 

From  Bayazid  the  red  and  blue  marls  bear  away  to  the  west  in  a 
lofty  range  called  Dizzenen  Dagh.  The  road  follows  along  the  north 
base  of  this  range  for  3i^miles,  and  then  strikes  across  a  rough 
plain  of  basaltic  scoriae.  Here  the  vast  lava-torrents  of  Ararat  and 
Tenddrll  meet ;  and  of  such  extent  have  been  these  flows  of  molten 
matter,  that,  if  a  line  be  drawn  in  a  S.W.  direction  from  the  N.£. 
base  of  Ararat,  over  Tendiirli  to  the  extremity  of  the  Kharp^&k 
promontory,  on  the  east  shore  of  the  Lake  of  Van,  it  will  pass 
uninterruptedly  over  basaltic  lava  for  1 10  EngUsh  miles, — a  distance 
exceeding  the  greatest  length  of  the  two  longest  streams  from  the 
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crater  of  the  celebrated  Skaptar  Yokul  in  Iceland!  If  to  these 
streams  be  added  those  of  Suphan  Bagh,  on  the  north  shore  of  the 
Lake  of  Van,  separated  from  Kharpandk  by  only  thirteen  miles,  we 
have  an  infinitely  greater  Tolume  of  melted  matter  flowing  from  the 
three  craters  of  this  region  than  has,  I  believe,  proceeded  from  any 
known  volcanic  source. 

In  the  direction  of  Dyadin  to  the  N.W.,  numerous  little  peaks  or 
"  tepehs  "  of  red  and  blue  marls  project  their  heads  from  the  plain, 
having  their  bases  surrounded  by  the  lava-flood ;  they  are  in  fact 
islands  in  a  basaltic  sea. 

At  the  miserable  Kurd  village  of  Kundii,  seven  miles  from  Baydzfd, 
a  low  range  of  blue  marls  commences,  and  bears  towards  the  N.W., 
having  its  S.W.  base  overflowed  by  the  lava  from  Tendiirli.  The 
road  continues  for  4^  miles  along  the  skirt  of  tliis  range,  over  a 
quantity  of  roueh  scorise.  At  one  locality,  just  before  quitting  this 
marl  range,  I  observed  a  patch  of  brownish-'blue  trap-rock,  contain- 
ing olivine  and  amygdaloidal  cavities  filled  with  carbonate  of  lime, 
overflowing  the  marls. 

The  piled  and  confused  mass  of  scoriae  which  forms  the  eastern 
termination  of  the  basaltic  streams  from  Tendiirli,  has  much  the 
aspect  of  the  terminal  morain  of  some  immense  glacier.  From 
beneath  the  N.W.  side  of  Tendiirli  a  red  marl  range,  which  passes 
to  the  east  of  Dyadin,  first  shows  itself,  overflowed  bv  the  basalt. 
A  short  pass  over  this  range  conducts  to  the  basin  of  the  Mtirad 
Chai  (Euphrates).  Near  the  summit,  but  below  the  basalt,  is  much 
brown  fine-grained  lava. 

From  the  village  of  D&oud  (near  which  is  a  warm  sulphur-spring) 
the  Castle  of  Dyadin  is  seen,  six  miles  distant,  standing  on  a  high 
basaltic  cliff  on  the  rieht  bank  of  the  Miirad  Chai. 

Immediately  on  qmtting  Daoud,  a  patch  of  loose  white  chalk-soil 
is  passed ;  this  further  on  changes  to  a  bright-yellow  volcanic  tuff, 
containing  much  pumice  and  leucite. 

A  low  pass  of  lava  intervenes  before  descending  to  the  main 
stream  of  the  river.  A  somewhat  compact  black  lava,  with  analcime 
and  leucite,  forms  the  top  of  the  pass ;  this  rests  on  a  light-pink 
variety,  with  the  same  minerals.  A  thick  bed  of  the  above-described 
yellow  tuff  succeeds ;  and  the  base  of  the  section  consists  of  the 
same  pink  lava  which  occurs  immediately  above. 

On  the  left  bank  of  the  river,  at  a  short  distance  upon  the  left  of 
the  road,  is  a  hot  sulphur-spring,  134°  Fahr.  The  water  bubbles  up 
with  great  violence  from  a  small  hole,  and,  in  flowing  out  of  a  smafi 
natural  basin,  leaves  a  yellowish  calcareous  deposit,  similar  to  that 
observed  in  other  travertin-springs,  but  much  less  in  quantity.  It 
has  a  slight  odour  of  sulphur,  and  is  nauseous  to  the  stomach,  though 
tasteless.  There  are  likewise  several  smaller  springs  in  the  same  lo- 
cality, having  various  different  temperatures.  The  rocks  around  are 
of  yeUow  travertin,  having  much  resemblance  to  the  deposit  from  the 
spring,  but  frequently  compact  and  altered  to  a  grey  slaty  limestone* 

From  this  point  tne  road  follows  up  the  west  branch  of  the  river, 
through  high  cliffs  of  cream-coloured  and  grey  travertinous  lime-. 
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fltoDe,  into  the  heart  of  the  great  chain  of  AM  Dagh,  which  forms  the 
watershed  between  the  waters  of  the  Mdrad  Chai  and  the  streams 
which  flow  into  the  Lake  of  Van.  The  bed  of  the  ravine  is 
strewed  with  small  volcanic  pebbles,  among  which  obsidian  is  not 
uncommon. 

At  rather  more  than  midway  up  the  ravine  the  travertin  rocks 
cease,  being  forced  through  hj  a  series  of  finely-grained  granitic  and 
trappean  rocks,  frequently  capped  by  basalt.  On  the  ascent  of  the 
lofty  pass  of  Ala  Dagh  are  numerous  lavas,  and  at  the  summit  is  a 
very  beautiful  pink  variety,  unobserved  elsewhere. 

In  the  commencement  of  the  descent  of  the  ravine  of  the  Ardish 
Chal,  conducting  to  the  Lake  of  Van,  we  have  again  many  volcanic 
rocks,  among  which  may  be  noticed  a  peculiar  heavy  grey  rock, 
enclosing  small  crystids  of  quartz,  mica,  &c.,  and  several  varieties  of 
basalt,  sometimes  columnar,  &c.  Further  down  the  ravine  beds  of 
travertinous  lunestone  make  their  appearance.  At  about  eleven 
miles  from  the  foot  of  the  pass  is  another  hot  spring,  having  a  tem- 
perature of  165°  Fahr.,  in  fact  near  that  of  boiling  water.  The  water 
IS  strongly  chalybeate  and  slightly  saline ;  the  calcareous  deposit 
from  it  is  reddened  by  the  presence  of  iron.  The  same  peculiarity 
exists  here  as  at  other  sprmgs  depositing  travertin,  i.e.  there  are 
older  deposits  of  similar  nature  in  the  immediate  neighbourhood, 
though  at  this  peculiar  locality  they  are  not  of  great  extent.  From 
this  point,  however,  in  the  descent  are  frequent  patches  of  a  yellow 
tufaceous  limestone,  overflowed  by  columnar  basalt.  Near  Kh6ch 
Ktipri,  where  the  ravine  begins  to  open  out  into  the  plain  of  Ardish, 
at  the  junction  of  a  large  stream  from  the  N.W.  with  the  Ardish 
ChaT,  a  flow  of  amorphous  basalt  occurs,  apparently  derived  from 
the  east;  it  is  slightly  amygdaloidal,  the  vesicles  containing  car- 
bonate of  lime.  Disseminatdi  through  the  mass  are  numerous  flat 
crystals  of  a  transparent  white  mineral.  Beyond  this  commences 
the  soil  of  the  plain,  which  consists  of  a  light  volcanic  vellow  sand, 
producing  rich  crops  of  wheat.  About  two  miles  further,  a  short 
descent  over  the  same  amorphous  basalt  conducts  to  the  alluvial 
plain  of  the  river  at  Irishat.  The  basalt  abuts  against  the  western 
extremity  of  a  low  range  of  white  limestone,  containing  volcanic 
crystals.  From  beneath  the  basalt  there  issues  the  large  stream 
w^ich  flows  into  the  Lake  of  Van  on  the  east  of  Ardish. 

The  Lake  of  Fan. 

It  is  not  generally  known  that  a  remarkable  rise  has  of  late  years 
taken  place  in  the  water  of  the  Lake  of  Van  ;  and,  as  this  phaenome- 
non  comes  under  the  consideration  of  the  geologist,  I  giv.e  here  the 
results  of  my  observations  and  inquiries  on  the  subject. 

Mr.  Layard,  in  his  second  work,  ''Discoveries  in  the  Ruins  of 
Nineveh  and  Babylon,"  p.  408,  has  bnefly  alluded  to  this  phse* 
nomenon. 

The  Lake  of  Van  was  carefully  surveyed  by  Lieut.  Glascott,  R.N., 
in  Auffust  1838,  when  travelling  in  company  with  Mr.  Brant, 
H.B.M.'s  Consul  at  Erzerdm,  and  the  result  was  given  to  the  public 
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by  the  latter  gentleman  in  the  Joumal  of  the  Royal  Geogr.  Soc. 
vol.  X.  p.  402. 

The  form  of  the  Lake  is  an  irregular  parallelogram,  giving  off  a 
Bpur  to  the  N.£.  Its  greatest  length  from  Tadvan,  on  the  S.W.,  to 
Amis,  on  the  N.E.,  is  seventy  miles;  and  its  greatest  width  is 
twenty-eight  miles,  measuring  from  Vastan  on  the  S.  to  Arin  on 
the  N.  The  water  is  salt  and  bitter,  but  without  the  intense  saltness 
of  the  ocean.  The  only  important  streams  which  enter  the  Lake 
are  two  near  Ardish  on  the  N.,  the  Bend  { Mdhi  Su  on  the  N.£., 
and  the  Angel  Su  on  the  S.  These  are  all  fordable,  except  the  Bend 
i  Mkhi  Su  in  some  parts. 

According  to  the  statement  of  the  natives  on  its  shores,  the  water 
of  the  Lake,  owing  to  some  unaccountable  cause,  began  gradually  to 
increase  in  the  year  1838  or  1839.  For  some  time  it  fluctuated  a 
good  deal,  but  at  the  end  of  twelve  months  it  had  gained  considerably 
upon  the  land  wherever  there  was  a  shelving  shore,  the  depth  being 
increased  nearly  two  yards.  During  the  second  and  third  years  the 
rise  continued,  until  the  increased  depth  had  reached  ten  or  twelve 
feet.  Many  towns  and  villages  upon  the  Lake  were  surrounded, 
destroyed,  or  deserted,  and  the  effects  are  still  apparent  on  the 
north  shore,  where  it  is  less  rocky  than  elsewhere.  Having  in  three 
years  attained  its  standard  height  at  twelve  feet,  it  so  remained^ 
slightly  rising  and  falling  until  1850,  from  which  time  the  natives 
say  there  has  been  a  considerable  and  gradual  subsidence  of  the 
water. 

The  effects  of  this  phsenomenon  are  best  seen  at  Ardish,  a  town 
formerly  containing  5000  inhabitants,  with  a  castle,  two  mosques,  a 
Christian  church,  and  several  caravanserais.  [See  the  original 
drawings  Nos.  VII.  and  YIII.  accompanymg  the  Memoir.] 

In  August  1838,  Messrs.  Brant  and  Glascott  pitched  their  tents 
upon  a  flat  piece  of  ground  extending  from  the  south  side  of  the 
town  some  distance  into  the  Lake ;  the  town  being  then  connected 
with  the  mainland  by  a  broad  piece  of  flat  cultivated  ground.  In 
1841  the  whole  town  was  completely  surrounded,  partially  under 
water,  and  entirely  deserted  by  its  inhabitants.  In  September  1852, 
when  the  water  had  considerably  subsided,  Ardish  was  connected  to 
the  north  shore  by  a  narrow  strip  of  mud*,  about  a  tenth  of  a  mile 
in  length,  across  the  most  elevated  part  of  which  my  horse  plunged 
with  the  mud  up  to  his  knees.  On  both  sides,  the  isthmus  had 
every  appearance  of  having  been  recently  overflowed.  Every  one 
assured  me  that  it  had  not  only  been  covered,  but  that  it  had  been 
a  yard  under  water  periodically  every  year  since  1841.  The  most 
intelligent^persons  with  whom  I  conversed  attributed  the  periodical 
overflow  to  the  rise  of  the  two  streams  which  here  empty  themselves 
into  the  Lake,  one  on  the  east,  and  the  other  on  the  west  of  Ardish, 
and  which  swell  considerably  on  the  melting  of  the  snows  in  spring. 
For  about  four  months  the  isthmus  is  impassable ;  but,  as  the  streama 
subside  and  assume  their  summer  level,  the  water  gradually  redrea 
from  it.  All  accounts,  however,  agreed  as  to  the  rapid  encroachment 
*  As  represented  at  (a),  Drawing  VII. 
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of  the  lake  upon  the  town  in  1838  and  1839  ;  and  that  the  inhabit- 
ants were  driven  out  during  the  two  years  following ;  the  foundations 
of  the  houses  gave  way,  and  fresh  water  failed  them. 

At  the  time  of  my  visit  the  water  reached  up  to  the  very  base  of 
the  town  and  castle  walls  on  the  west  and  east  sides,  and  within  ten 
paces  of  the  large  mosque  on  the  south  side,  beyond  which  Messrs. 
Brant  and  Glascott  had  encamped.  There  was,  however,  undoubted 
evidence  of  its  having  been  much  higher,  for  within  the  walls  in 
various  places  were  large  pools  of  stagnant  water;  the  ground  in 
several  parts  was  saturated  with  salt  and  overgrown  with  saline 
plants.  The  quantity  of  land  gained  by  the  lake  is  enormous. 
Before  the  rise  a  person  could  walk  from  Ardish  to  Mddgh^wdnk^ 
the  next  spur  to  the  west ;  but  the  lake  has  since  extended  upwards 
of  a  mile  to  the  north  up  the  embouchure  of  the  Ardish  ChaT ;  thus 
cutting  oflF  from  the  latter  pretty  village  its  supply  of  fresh  water» 
and,  as  at  Ardish,  causing  the  desertion  of  its  inhabitants. 

A  like  fate  befell  many  other  villages  along  the  shores.  Iskella,  a 
small  fishing  village,  a  mile  and  a  half  from  Van,  is  now  half  de- 
serted. The  islands  in  the  Lake,  on  the  authority  of  the  Armenian 
Bishop  at  Chijis  Monastery,  were  in  a  similar  manner  gained  upon 
by  the  rise  of  water.  If  this  be  the  case,  the  phaenomenon  cannot  be 
accounted  for  by  an  elevation  of  the  bottom  of  the  Lake ;  because 
the  islands  would  be  elevated,  and  not  depressed. 

An  old  man  of  eighty-five  (Ismail  Bey)  told  me  he  had  heard  his 
father  say  that  a  similar  rise  had  occurred  about  140  years  previously, 
when  the  inhabitants  were  in  Uke  manner  compelled  to  evacuate 
Ardish,  which  continued  an  island  for  forty  years,  after  which  the 
water  gradually  retired.  Ismail  Bey  himself  can  just  remember  the 
people  returning  and  rebuilding  their  dilapidated  houses. 

There  is  a  tradition  that  the  Lake  of  Van  now  covers  what  was 
formerly  a  spacious  plain,  studded  with  villages  and  gardens, — ^that 
the  Bend  (  M^i  Sd  and  the  two  streams  of  Ardish  met  and  formed 
one  large  river  about  midway  between  Ardish  and  Bitlis, — that  a 
short  way  below  their  junction  there  was  a  large  bridge  (which  is 
now  sometimes  seen  at  the  bottom  of  the  Lake  by  the  boatmen), — 
that  at  some  distance  below  the  bridge  the  river  suddenly  disappeared 
through  a  large  hole,  near  which  was  a  powerful  salt-spring, — that 
by  some  sudden  convulsion  the  hole  became  closed,  and  the  accu- 
mulated streams,  having  no  outlet,  gradually  formed  the  Lake  of 
Van.  Ismail  Bey  failed  to  show  how,  as  the  streams  are  all  fresh, 
the  water  of  the  Lake  is  salt.  The  tradition,  however,  is  a  curious 
one,  and  I  give  it  as  such. 

Similar  oscillations  in  the  levels  of  lakes  have  been  observed  in 
America  and  other  portions  of  the  world ;  but  I  am  not  aware  of 
any  on  so  great  a  scale,  and  where  the  efPects  have  been  so  felt  by 
the  natives  on  the  shore. 

The  rise  of  the  Lake  of  Van  is  probably  due  to  some  change 
of  cUmate  for  a  succession  of  years,  such  as  the  fall  of  a  greater 
quantity  of  snow  in  the  mountains,  or  a  deficiency  in  the  usual 
evaporation.    This  is  undoubtedly  the  most  reasonable  explanation  ; 
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but  it  must  not  at  the  same  time  be  forgotten,  that  climatic  alterna- 
tions in  those  regions  are  exceedingly  regular  and  uniform ;  and 
moreover  there  appears  no  reason  why  the  Lake  of  Urdmia  should 
not  be  similarly  affected  as  the  Lake  of  Van,  since  they  are  only 
separated  by  a  range  of  mountains.  Such  however  is  not  the  case, 
for  the  former  has  been  subsiding  while  the  latter  has  been  rising. 
[See  Note  B.  p.  325.] 

Again,  it  is  difficult  to  conceive  how  four  small  streams  alone. 
suppUed  by  melting  snow,  should  have  sufficient  influence  to  elevate 
twelve  feet  such  a  large  body  of  water  as  the  Lake  of  Van ;  though 
they  may  have  a  local  effect  at  their  mouths. 

Another  solution  which  presents  itself,  is  the  existence  of  inter- 
mittent springs  in  the  bottom  of  the  Lake,  bursting  forth  at  long 
intervals.  We  are  not,  however,  aware  of  results  on  so  great  a  scale 
produced  by  such  a  cause. 

We  cannot  hope  to  explain  satisfactorily  the  phaenomenon  above- 
described  until  a  series  of  observations  shall  have  been  taken  of  the 
rise  and  fall  of  the  barometer,  and  the  effect  of  climatic  influence  on 
the  water  of  the  Lake. 

At  many  localities  along  the  shores,  and  particularly  about  three 
miles  N.  of  Van,  are  alkali-pits,  called  **  perek."  The  salt  water  of 
the  Lake  is  admitted  into  shallow  basins  at  the  commencement  of 
summer,  when  by  the  rapid  evaporation  crystallization  takes  place, 
and  a  crust  or  deposit  is  formed.  This  in  ten  or  fifteen  days  hardens, 
and  is  an  eighth  of  an  inch  in  thickness.  The  water  is  again  allowed 
to  flow  into  the  basin,  and  the  process  is  repeated  several  times.  La 
about  five  months*  time  the  deposit  has  assumed  an  aggregate  thick- 
ness of  from  two  to  four  inches>  when  it  is  broken  up  into  blocks 
about  two  feet  square,  and  transported  to  Van  on  arabidis,  to  be  used 
in^the  manufacture  of  soap. 

The  "  perek  "  is  sulphate  and  chloride  of  soda,  with  a  considerable 
mixture  of  carbonate  of  lime ;  it  is  of  a  cream-colour,  and  easily 
broken  by  a  sharp  blow  of  the  hammer.  An  insignificant  tax  or 
percentage  on  the  produce  is  levied  by  the  government  for  leave  to 
collect  the  perek ;  but  I  could  not  ascertain  what  quantity  is  annually 
obtained,  nor  the  value  of  the  deposit  in  a  raw  state. 

Two  SeetionBfrom  Ardish,  round  the  N,  W,  extremity  of  the  Lake  of 
Fdn,  to  Jezireh-ibn-Omdr, 

Figs.  22  and  23. 

Proceeding  west  from  Ardish,  a  marshy  piece  of  ground  is  crossed 
to  the  extreme  north  point  of  the  recently  formed  spur  of  the  Lake, 
between  that  town  and  Madghdwdnk.  The  low  range  projecting 
into  the  Lake  to  the  west  of  Madghdwink  is  of  compact  white  lime- 
stone, in  which  are  to  be  detected  a  few  casts  of  Corals.  Succeeding 
to  this  is  a  small  strip  of  land,  where  the  inroad  made  by  the  Lake 
is  evident,  since  a  path  which  terminates  abruptly  on  the  shore  is 
seen  commencing  again  on  the  opposite  side  of  a  little  bay. 

Another  low  hmestone  range  intervenes  before  reaching  the  pretty 
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Chrirtiaii  village  of  Ax£rdY ;  upon  this  are  strewed  nnmerous  flint- 
pebbles,  derived  from  the  limestone,  and  containing  the  Operculina 
of  the  Kirrind  beds ;  from  which  we  may  conclude  that  this  lime- 
stone is  of  the  nummulitic  ase. 

•  From  the  ravine  in  whic^  Axdrdv  is  situated  a  third  limestone 
ridge  is  crossed  to  the  plain  of  ELanzag,  the  surface  of  which  is 
thickly  covered  by  large  and  small  lumps  of  pumice,  with  here  and 
there  a  piece  of  obsidiui,  probably  resulting  from  the  last  eruption  of 
Suphib  Digh. 

A  descending  section  in  the  ravine  leading  to  Ejuizag  shows — 1. 
White  limestone ;  2.  White  days,  with  Peeten ;  3»  Loose  grey  sand- 
stone. 

The  small  village  of  BMa  is  situated  on  the  north  of  the  road, 
and  is  reached  by  a  very  steep  ascent  from  Kanzag  up  the  side  of 
the  mountain,  over  fine  loose  volcanic  sand,  mixed  with  pumice  and 
obsidian.  At  Dildn  basaltic  lava  from  SuphAn  D^h  overflows  this 
sand,  as  well  as  a  patch  of  the  white  clay  No.  2. 

Another  small  plain  and  a  low  limestone  spur  intervene  between 
Kanzag  and  the  volcanic  sand  plain  of  Arin,  at  the  S.E.  foot  of 
Suph^  D6gh.  A  high  solitary  rock  of  travertin  rises  conspicuously 
from  the  centre  of  this  plam,  like  some  ancient  ruin.  A  little  further 
westward,  the  base  of  the  basaltic  lavarstream  from  Suph^  D^h  is 
akirted  for^bout  a  mile.  It  has  identically  the  same  appearance  as 
the  lavas  of  Mount  Ararat  and  Tenddrll,  and  there  can  be  little 
doubt  of  all  the  three  mountains  having  been  erupted  at  the  sAme 
period.  A  distinct  crater  exists  at  the  summit,  as  observed  by 
Messrs.  Brant  and  Glascott.  The  former  gentleman  remarks*,  that, 
although  only  10,000  feet  above  the  sea,  the  party  who  ascended  the 
mountain  were  i^ected  with  extreme  dizziness  and  nausea,  and  he 
ascribes  these  sensations  to  the  frunes  of  sulphur  emitted  from  the 
crater. 

The  little  village  of  Arin  is  situated  at  the  eastern  extremity  of  a 
small  salt  lake,  midway  between  the  base  of  Suphdn  D^h  and  the 
Lake  of  Yin.  Mr.  Brant  remarks  f  that  in  1838  "  Ann  is  situated 
about  one  mile  from  its  Lake ;"  but  in  1852  the  village  was  not 
more  than  a  few  paces  from  its  edge,  and  the  villagers  have  been  in 
eonstant  alarm  of  being  driven  out.  They  say  that  the  water  rose 
simultaneously  with  the  Lake  of  \&a  to  the  height  of  seven  feet ; 
but  that  since  1850  it  has  been  subsiding.  At  Horintz,  on  the  west 
side,  the  shore  was  covered  120  paces  from  its  present  margin.  It 
may  therefore  be  fairly  concluded  that  the  water  of  the  Lake  of  \&a 
oozes  through  the  narrow  intervening  sandy  isthmus,  and  that  in  so 
doing  the  mtness  is  partially  extracted.  I'his  will  account  for  the 
very  slight  degree  of  sialtness  in  the  Arin  Lake. 

About  four  miles  from  Horintz,  on  the  neck  of  the  isthmus,  there 
is  a  small  village  called  Parg&t,  which  before  the  rise  was  situated  a 
good  mile  from  the  Lake  of  Yin.  When  the  rise  had  attained  its 
maximum  height,  the  water  stood  four  feet  up  the  walls  of  the 

•  Joum.  R.  Geog.  Soc.,  vol.  x.  p.  410.  f  ^^'  P-  405. 
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Gfaurch,  a  part  of  which  was  carried  away.    The  hack  of  the  bnildiiig 
is  still  nearly  two  feet  in  the  water. 

Upon  the  shore  of  the  Lake  of  Arin  lie  nmnerons  roim^M 
lumps  of  volcanic  tuff  and  black  scorise,  measuring  6  inches  in  diar 
meter.  The  tuff  is  white,  with  laminee  of  mica  plentifully  distributed 
through  it. 

From  Horantz  the  road  follows  along  the  basaltic  base  of  Saphin 
IMgh  over  pumice-sand.  At  one  or  two  localities  is  a  conglomerate 
of  volcanic  products  and  white  limestone  pebbles  in  a  white  calca- 
reous paste. 

About  a  mile  before  reaching  A'd-el-Jiw^  is  a  ravine  exposinr  a 
deep  section  of  gravel,  consisting  entirely  of  small  rounded  pebblea 
of  obsidian  and  hu^r  ones  of  white  limestone.  They  loosely  adhere 
toother  by  means  of  a  thin  coating  of  yellow  calcareous  matter, 
originating  from  some  extinct  travertm  spring.  This  gravel  to  the 
west  passes  into  a  true  volcanic  tuff,  mixed  with  carbonate  of  lime, 
frequently  stalactitic  and  of  open  structure,  as  exhibited  at  travertin 
spnngs.  The  range  to  the  north  of  A'd-el-J(wdz  is  a  convincing  proof 
of  the  influence  which  has  been  at  work  in  depositing  the  limestone- 
rocks  of  this  region.  This  range  and  the  rock  on  which  the  Castle 
stands  are  nothing  more  than  a  travertin  deposit  on  a  magnificent 
scale ;  the  stone  sometimes  assuming  the  character  of  a  true  compact 
yellow  limestone*,  and  at  others  that  of  a  common  precipitate  from 
a  spring  highly  charged  with  carbonate  of  lime,  and  frequently  con- 
taiiling  pieces  of  reeds. 

On  the  west  of  A'd-el-Jiwdz,  the  road  is  carried  200  or  300  feet 
above  the  level  of  the  Lake,  which  washes  the  base  of  the  travertin 
mountain.  The  rock  is  frequently  cut  in  steps  for  the  passage  of 
beasts  of  burden,  and  is  extremely  slippery  and  dangerous.  A  narrow 
irregular  alluvial  plain,  formed  by  the  retiring  of  the  mountains  frtnn 
the  Lake  towards  the  north,  is  then  crossed. 

The  mountains  bear  round  again  to  the  S.W.,  and  consist  of  red 
and  blue  marls,  whose  position  with  regard  to  the  tufa-limestone  was 
not  clearly  made  out,  though  they  appear  to  overlie  it.  Further 
westward,  these  marls  are  succeeded  by  a  fine  grey  volcanic  tuff  and 
breccia,  with  long  angular  lumps  of  baiaaltic  lava. 

Bevond  the  gardens  of  Stihur  the  beds  alter  their  character,  pass- 
ing down  into  a  dusky-red  fine-grained  tuff,  alternating  with  coarse 
volcanic  breccia,  which  latter  rock  obtains  as  far  as  AkhUt. 

At  several  places  a  more  recent  conglomerate  in  a  white  calcareous 
matrix  rests  unconformably  in  patches  on  the  grey  tuff.  Here  and 
there  are  a  Quantity  of  loose  gravel  and  numerous  lumps  of  pumice. 
At  AkhUt  Old  town  the  inhabitants  have  taken  up  their  abode  in 
holes  and  chambers  excavated  in  these  soft  volcanic  rocks.  Akhlit 
is  celebrated  for  some  fine  tombs  of  the  early  Mahomedan  Princes  of 
the  district.  The  stone  used  is  the  red  tuff,  which  is  heavier  and 
more*  durable  than  the  finely-grained  grey  variety  reposing  upon  it. 
It  is  admirably  adapted  for  the  delicate  and  elaborate  work  which 

*  Containing  indications  of  Corals  and  marine  shells. 
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oniaments  these  tombs  and  the  grave-yards  of  this  locality.  The 
fresh  appearance  of  the  designs  is  very  remarkable. 

From  AkhUlt  to  Tadyan»  the  wide  plain,  rising  towards  Nimrdd 
Dsigh  on  the  west,  is  wholly  composed  of  friable  grey  tuff,  which  pro- 
duces a  yer^  li^t,  rich  soil  for  grain.  Pieces  of  pumice  are  abondantly 
contained  m  it.  When  the  Lake  rose,  the  foundations  of  seyend 
houses  at  the  yiHage  of  Ydm  fairly  melted  away  and  disappeared. 
Near  ZeMh  the  sand  is  thickly  strewed  with  laige  lumps  of  pumice, 
black  SGoriiB,  and  obsidian,  containing  glassy  felspar.  The  immense 
quantity  of  volcanic  products  here  obiseryable  is  astonishing ;  and  I 
was  not  long  in  discovering  that  other  vents  had  been  pourmg  forth 
their  contents  in  addition  to  Suphdn  D^h. 

In  the  maps  hitherto  published,  a  curved  bay  is  laid  down  on  the 
south  shore  of  the  Lake  of  Vdn,  between  Avatak  and  Namigas.  This 
is  in  fact  a  very  picturesque  crater  [see  original  Drawings  Nos.  IX. 
and  X.],  much  truncated,  and  having  its  wall  towards  the  Lake  broken 
down  so  as  to  admit  the  water  in  a  deep  bay  into  the  interior  of  the 
crater.  The  ra^ed  edge  I  estimated,  at  a  distance,  to  be  three  or 
four  miles  in  circumference.  The  concentric  layers,  apparently  of 
sand,  are  distinctly  seen  in  the  basin,  dipping  outwards.  It  is  not 
remarkable  that  this  crater  has  hitherto  escaped  observation,  as  it  is 
only  visible  to  a  person  proceeding  from  AkhUt  to  Tadvau, — a  road 
seldom  traversed.  The  highest  point  I  judge  to  be  about  600  or  800 
feet  above  the  Lake. 

I  am  also  under  the  impression  that  Nimrdd  Ddgh  itself  (which 
is  hud  down  as  a  range  running  N.£.  and  S.W.^  is  the  base  of  an 
enormous  cone,  rivalling  Suph^  D^h ;  with  tms  difference,  how- 
ever, that,  while  the  latter  is  of  sohd  basaltic  lava,  the  former  is  of 
volcanic  sand.  The  broken  and  precipitous  edges  of  a  cup-shaped 
interior,  having  the  layers  dipping  outwards,  are  seen  in  some  posi- 
tions. I  was  informed  that,  on  chmbering  to  the  top,  a  person  looks 
down  on  the  opposite  side  into  a  circular  depression  with  a  lake  at 
the  bottom.  If  I  should  be  correct  in  my  supposition  that  Nimrdd 
IMgh  is  an  extinct  crater,  there  can  be  httle  difficulty  in  understand- 
ing frt>m  whence  the  great  quantity  of  sand  at  the  western  extremity 
of  the  Lake  of  Y&a  has  been  derived. 

Continuing  west  from  Tadvdn  to  the  Bitlis  Chai,  the  same  friable, 
lig^t,  volcanic,  red  sandstone  appears  at  the  surface  as  occurs  at 
Akhl^t. 

The  Kerkdr  D^h  rises  abruptly  from  the  plain  on  the  north  of 
the  road ;  its  smooth  sloping  sides  and  remarkable  crests  for  some 
time  arrest  the  attention  before  reaching  it.  Viewed,  however,  from 
the  S.S.E.,  it  has  the  aspect  of  a  volcanic  cone  less  truncated  than 
that  on  the  south  side  of  the  Lake  [see  original  Drawing  XI.].  It 
is  wholly  composed  of  a  white  rock,  which  I  take  to  be  pumice  and  tuff. 

On  aidvancing  to  the  S.W.,  it  is  perceived  that  the  westerly  con- 
tinuation of  Kerkdr  D^h  is  a  similar  cone,  joined  on  to  the  other, 
but  having  its  summit  much  more  eroded  and  the  crater  filled  up. 

On  entering  the  narrow  valley  of  the  Bitlis  Chai,  the  lofty  moun- 
tarns  on  either  side  consist  of  grey  quartzose  rock,  underlaid  by  soft 
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micarschist.  The  beds  dip  away  at  a  slight  angle  from  the  ravine, 
the  trough  of  which  is  filled  up  with  yolcanic  tuff  and  ash.  The 
stream  flows  onwards  to  Bitlis  through  this  soft  and  yielding  rock, 
which  in  the  descent  becomes  dark-coloured  and  columnar,  presenting 
exactly  the  appearance  of  basalt.  At  one  place,  where  it  is  quarried 
for  building-stone,  it  overlaps  the  edges  of  the  micarSchist.  On  the 
west  of  the  ravine  before  approaching  Bitlfs,  it  alternates  with,  and 
is  overlaid  by,  an  open-structured  calcareous  travertin.  The  houses 
of  the  town,  as  well  as  the  rock  on  which  the  old  Castle  of  the  B^s 
of  Bitlis  is  built,  are  of  the  grey  volcanic  tuff. 

Below  the  town  the  tuff  gradually  thins  out,  and  afterwards  only 
occurs  in  patches  down  the  valley.  Two  miles  from  Bitlis  there  is 
a  cold  aciaulated  saline  spring,  very  agreeable  to  the  taste,  and  much 
resembling  Sedlitz  Water.  In  rising  from  the  bottom,  the  water 
effervesces.  There  is  no  calcareous  deposition  from  the  spring  at 
present ;  but  a  few  feet  below  there  is  a  bed  of  travertin  which  it 
nas  formerly  produced ;  and  a  considerable  thickness  of  an  older 
travertin  rock  here  spreads  along  the  bottom  of  the  valley  for  the 
distance  of  a  mDe. 

The  channel  soon  becomes  narrower,  and  is  confined  between  lofty 
ranges  of  micaceous  slate,  much  contorted,  and  overlaid  (I  think, 
conformablv^  by  blue  compact  limestone ;  both  rocks  dipping  from  the 
ravine.  This  order  generally  prevails  to  Sh4htek,  ten  mUes  below 
Bitlis. 

In  some  localities  eruptions  of  basalt  have  broken  through  and 
overspread  the  slates;  this  is  particularly  observable  near  an  old 
caravanserai  at  the  sixth  mile.  Large  deposits  of  travertin  also  occur ; 
and  at  one  place  there  is  a  very  awkward  descent  passing  through 
a  cutting  made  in  this  rock  and  extending  to  the  stream  in  the 
channel  below. 

Further  down  the  valley  the  igneous  rocks  are  left  behind,  and 
the  blue  limestone  appears  to  the  almost  entire  exclusion  of  other 
deposits,  and  rises  into  lofty  ranges.  On  leaving  the  Bitlis  Chai, 
this  rock  is  crossed  at  CheUfteh  Pass.  At  WerkMntz,  on  the  S.W. 
of  this  Pass,  we  meet  with  Alveolina,  which  proves  this  limestone  to 
belong  to  the  Nummulitic  Series.  The  descending  valley  or  irregular 
basin  of  the  Kesser  Sd  is  a  mass  of  contorted,  soft,  unfossiliferous 
gypsiferous  marls  and  sands,  resting  on  the  skirts  of  blue  limestone 
mountains. 

Near  Sert,  in  th^  marls,  is  an  extensive  deposit  of  massive  pure 
white  alabaster. 

From  Sert  the  road  follows  the  course  of  the  Sert  Sii  to  the 
Tigris,  skirting  the  N.W.  base  of  the  inaccessible  Bohtan  limestone 
mountains;  it  then  continues  southwards  along  the  banks  of  the 
Tigris  to  near  Jezireh-ibn-Om^,  and  afterwards  trends  away  to  the 
S.W.  The  limestone  is  unfossiliferous,  but  undoubtedly  6[  the 
nummulitic  age  ;  and,  being  removed  from  the  immediate  influence 
of  the  igneous  rocks,  it  assumes  its  wonted  aspect, — ^being  of  a  rich 
cream-colour,  compact,  and  crystalline,  as  at  Kirrind  and  elsewhere 
on  the  west  of  the  igneous  chain. 
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Conclusion. — On  commencing  this  report,  it  was  my  intention  to 
have  made  some  general  concluding  remarks.  As,  however,  I  have 
entered  folly  into  the  details  of  the  suhject,  so  far  at  least  as  a  passing 
examination  of  many  of  the  locaHties  would  permit,  I  prefer  leaving 
it  for  the  present ;  in  the  hope  that,  during  my  proposed  second 
visit  to  the  regions  under  consideration,  various  ohscure  points  mav 
be  further  investigated,  and  doubts  cleared  up, — more  especially  such 
as  relate  to  the  transition  between  the  cretaceous  and  numrauHtic 
rocks, — ^between  the  latter  and  the  gypsum  series, — and  the  connec- 
tion which  the  blue  limestones  bear  to  all  three. 

In  concluding,  I  trust  that  everv  allowance  will  be  made  for  the 
numerous  imperfections  contained  m  this  communication, — owiug  to 
the  difficulty  of  the  subject,  in  consequence  of  the  extreme  rarity  of 
the  "  Medals  of  Creation," — and  to  the  haste  with  which  the  marches 
were  made. 

This  report  may  be  regarded  only  as  a  very  rude  sketch  of  a  truly 
interesting  region. 


NoTB  JL    (See  page  261.) 

Since  writing  the  memoir,  the  author  has  had  an  opportunity  of  conversing  on 
the  subject  with  Mr.  Waterhoose,  of  the  British  Museum,  who  has  kindly  exa- 
mined die  natural  casts  of  footprints  referred  to  at  pages  261,  262.  Mr.  lA^ater- 
honse  has  expressed  a  doubt  of  these  footprints  belonging  to  an  animal  of  the 
Feline  Order,  on  account  of  the  great  prominence  of  the  claws ;  but  he  believes 
that  they  are  certainly  referable  to  some  of  the  Camivora.  The  Chetah  men- 
tioned at  page  262,  does,  however,  appear  to  be  an  exception  to  the  rest  of  the 
Felidae  in  this  respect,  and  does  possess  a  relatively  long  claw.  The  author 
by  no  means  intends  to  imply  that  the  foot-prints  are  those  of  the  Felu  Jubata ; 
there  is  no  evidence  of  that  animal  having  lived  during  the  early  tertiary  period. 
—July,  1855. 

NoTB  B.    (See  page  320.) 

Ismail  Bey's  tradition  agrees  to  a  certain  extent  with  the  accounts  of  ancient 
historians  as  regards  the  sudden  disappearance  of  the  rivers  in  the  present  bed  of 
Van  Lake,  by  means  of  a  subterranean  outlet.  May  there  not  be  a  communica- 
tion by  this  means  between  the  Lakes  of  Van  and  Ururoia,  which  would  account 
for  the  fluctuations  in  their  respective  levels  ?  An  obstruction  in  such  a  channel 
would  produce  all  the  effects  alluded  to  above. 

The  Lake  of  Van  is  at  an  elevation  of  5467  feet  above  the  sea-level,  as  ascer- 
tained by  Lieut.  Glascott,  R.N.  (Journal  R.  Geogr.  Soc.  vol.  x.  p.  432) ;  while 
that  of  Urumia  is  1367  feet  lower.  It  should  be  observed  that  these  Lakes  are 
separated  80  miles  from  each  other  by  the  intervention  of  a  lofty  mountain  range. 
—July,  1855. 

Note  C.     {Accentuation.) 

With  regard  to  the  pronunciation  of  the  names  of  places  mentioned  in  this 
Memoir,  the  6.  and  i  have  the  sound  of  a  and  i  in  French ;  the  u,  that  of  the 
English  00. 
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Fig.  0.— Section  across  the  VaUey  of  the  Kerkhah  in  the  Pish  Kmh, 

LMstdn, 

N.E. 


Length  15  mflet. 


s.w. 


1.  Alluviam  and  limestone  grtyeL 

2.  Red  sandttone,  variegated  maris,  and  gypsom. 

3.  Nnmmnlitic  limestone. 

Figs.  6  &  7. — Sections  of  the  Gypsiferous  beds  at  Kirrind. 


1.  Limestone  debris,  and  Allurinm.  2.  Red  sandstone  and  variegated  maris. 

3.  Nmnmnliticlimestone. 


1.  Limestone  debris,  and  Alluvium.         2.  Red  sandstone  and  variegated  maris. 
3.  Nummulitic  limestone. 


Digitized  by 


Google 


LOFTUS — TURKO-PBRSIAlf  PRONTIBR.  331 


CO 


Z 


I  i 


S'3 


IS. 

II 

V  "s 
^  t 

1    I 


« 
-< 


(g 


■i 


Digitized  by 


Google 


332  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 


^  a  s         E « 

?  .^1l  .-It 


•i«?s  w^x 

*»invuqa»x  Vl*^  twaimm 

•^Vl                     -jpqTOlD 

•s» 

^ 

•0 

c 

2 

3 

.aiP(t^9Z  J  qy 

!? 

'S* 

•tw^ro 

*8 

e^  1 

«    a 

« g 

-2    c 

•(0699)  9«W«9a  1  q9H 

"B    1 

1    1 

•qpJVmoo 

i  f 

•wjnTuipz  J  qv 

<  ^ 

1 

CoooZ)  A-os 

o 

«> 

1 

•^Wpoui^H 

C> 

Q£ 

'£ 

?^3     s r^ 

BBS      §||-€ 

iiilllBl 


3 

6 
S 


si 
S.S 

II 

ll 

i 


S^.8     .    . 

sis     2 

ill      i 


-.•S.ei 


Digitized  by 


Google 


LOFTU8 — TURKO-PKR8IAN  FRONTIER. 


333 


I 


^ 


i 

I 


t«i 


8S 
O 

I 


i 


■(0t98)iap<Mfl9a 


s 
S 
i 


•(0006)  J^  -"<  -I  ^  <  'o 


•vs  ws 


1; 


Digitized  by 


Google 


334  PEOCBBDING8  OF  THE  GEOLOGICAL  SOCIETY. 


SI 

i 


I: 

CO 

4s 

•I 

I 


•(05IS)  na  J  M^a 


s 

I 
e 

•2-2  S2 

nil 

^' * ' 


•«1T?«"W)- 


•i«im  I  qv  - 


.o 

I 


(OOOK)  O^VS  'H 


s 

a 

-'I 


•(OtfiS) 

•(009»)  i»!«ns 

'(ooge) 
*!«»Vr?W  io  un»w ^«\\ 


I 


»-      CM      CO 


I  I 

1  i 

^  B 

S.  g 

CD  ST. 


Digitized  by 


Google 


LOrrUS— tl7RKO-PBR8I4N  FRONTIER. 


335 


F^.  12. — SeeHan  at  the  Simtk-^agtem  entrance  into  the  Plain  of 
Ser  jfh  I  Ser,  near  FaylMn, 

Length  of  Section^  10  miles. 


N.E. 


S.W. 


1.  Alluvium.  4.  YeUow  cretaceous  limestone. 

5.  Blue,  altered,  and  much  contorted  limestone  (probably  Lower  Secondary). 


Fig.  14. — Section  from  Ushnu  to  Merydver, 
Length  about  20  miles. 


a.  AlluTium  and  gravel.  d.  Blue  limestone. 

A.  Cream-coloured  limestone  with  copper  ore.     «.  Bluish-green  altered  shales. 

c.  Blue  ai^'Uaceous  limestone.  /..  firey  granite. 
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Fig.  \7.— Section /rom  Selm&s  to  Gimetjin  Kdldh. 
Distance  about  20  miles. 


N.W. 


S.E. 


0.  Allanam.  #.  Blue  altered  contorted  limestone. 

b,  Nnmmolitic  limettoue.  /.  Ckimpact  red  floor  with  red  jasper, 

e.  White  limestone.  g.  Hornblende  rock. 

d.  White  chert  with  common  opals.  A.  Pink  granite. 

•  Level  of  the  Uke  of  Urtmia. 


Fig.  18. — Section  between  the  Plains  o/Selmda  and  Kho't, 
Length  aboot  17  miles. 


N. 


a.  AlluTinm. 

b»  Brownish-yellow  limestone. 

c.  White  and  grey  marls. 


d.  Indurated  red  marls. 

e.  Salt  deposit  (marls  and  sandstone). 
/.  Yellow  fossiliferous  limestone. 
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On  the  Geology  and  Fossils  0/  the  Neighbourhood  0/ 
NAgpur,  Central  India.  By  the  Rev.  Messrs.  S.  Hislop 
and  B.  Hunter. 

[Communicated  by  J.  C.  Moore,  Esq.,  F.G.S.] 

[Read  Jane  21, 1854*.] 

(Plate  X.) 

[iVd/«. — A  fall  Abstract  of  this  Communication  appeared  in  the  Society's 
Joarnal,  No.  40,  p.  470  et  aeq,,  in  consequence  of  unavoidable  delay  in  the  pub- 
lication of  the  Memoir  itself.] 

PART  I.t 

(Geology  of  the  District.) 


COMTIKTS. 


Physical  Geography  of  the  District. 
History  of  Geological  Observations  in 

the  iMstrict. 
General  Geology  of  the  District. 

Extent  of  the  trap-rocks. 

granitic  and  schistose  rocks. 

sandstone  and  shales. 

laterite,  &c. 

Description  of  the  strata. 
I.  Superficial  formations. 

1.  Black  soil  or  Regur. 

2.  Red  soiL 
II.  Brown  day. 

III.  Laterite. 

IV.  V.  VI.  Upper  and  Lower  Trap, 
and  the  enclosed  sedimentary 
formation. 


Fossils,  and  age  of  the  enclosed 

freshwater  deposit. 
Extent  of  the  freshwater  de- 
posit. 
Minerals  of  the  Trap. 
Age  of  the  Trap,  and  the  mode 
of  its  eruption. 
VII.  Sandstone  formation,  and  its 
four  divisions,  with  their  fossils. 
Thickness  of  the  strata. 
Character  of  the   formation, 
and  its  age. 
VIII.  Platonic    and     metamorphic 
rocks. 

Metals  of  thes^  rocks. 
Age  of  the  crystalline  rocks. 
Conclusion. 


Phydeal  Geography  of  the  District. — The  country  to  which  the 
following  paper  refers  is  the  western  part  of  the  recently  acquired 
kingdom  of  N^igpur^,  lying,  with  the  southern  comer  of  the  S^ar 

*  For  the  other  Papers  read  at  this  Evening  Meeting,  see  Quart.  Joum.  Geol. 
Soc.  vol.  X.  p.  454  &c. 

t  Part  II.,  containing  the  Palaeontological  Portions  of  this  Communication, 
with  Ulustrations,  vrill  appear  in  a  subsequent  No.  of  the  Journal. 

%  With  regard  to  the  spelling  and  pronunciation  of  Hindu  names  of  places, 
the  authors  have  furnished  the  following  remarks  in  one  of  their  late  letters  to 
the  Assistant-Secretary : — 

**  Orthography  in  India  is  a  very  unsettled  branch  of  learning.  Those  who  first 
stereotyped  in  EngKsh  characters  the  Hindu  names  of  places  were  most  unsuited 
for  the  work,  and  hence  most  unscientific  is  the  system  of  spelling  practised  by 
the  generality  of  our  countrymen.  We  follow  the  Jonesian  system,  as  it  is 
adopted  by  such  societies  as  the  Royal  Asiatic.  By  that  every  Hindu  letter  has 
an  English  representative,  though  that  representative  has  more  a  continental  than 
an  English  sound  attached  to  it.  The  vowels  are  a,  d, — i,  t, — «,  it, — e,  ei, — 0,  ou. 
They  are  in  pairs,  short  and  long ;  a  unaccented  having  the  sound  of  u  in  hut, 
4  accented  the  sound  of  a  in  havey  u  the  sound  of  itself  in  JuU,  its  long  being  just 
the  same  sound  more  dwelt  on,  i  the  sound  of  English  s  made  long  or  short  as  it 
has  accent  or  no  accent.  There  is  only  one  consonant  that  may  occasion  dsffi- 
cnlty,  that  is  a  <{  written  in  italics.  When  so  written  or  printed  it  is  intended  to 
have  a  sound  somewhat  like  r.  Thus  we  write  WeiragaJ,  whereas  it  is  com- 
monly written  Wyraghur.  The  gh  for  g  is  just  a  gross  mistake,  which  destroys 
the  etymology  of  the  language  to  a  person  who  does  not  know  the  original  Hindu 
name.    SilewaJ6,  as  written  by  us,  is  usually  represented  Sillewarra." 
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and  NarbaddA  Territories,  between  78°  15'  and  80°  35'  east  longi- 
tude»  and  19°  35'  and  22°  40'  north  latitude.  It  b  of  a  triannilar 
shape,  each  side  extending  about  180  miles.  Its  northern  side  is 
formed  by  the  table-land  stretching  from  the  Mahidewa  Hills  on 
the  north-west  to  the  northern  extremity  of  the  L^ji  Hills  on  the 
north-east :  the  south-eastern  side  is  constituted  partly  by  the  chain 
last  mentioned,  and  partly  by  a  line  drawn  from  its  southern  base 
to  the  junction  of  the  Wein  Gang^  and  Wardh^  which  latter  river 
marks  out  nearly  the  whole  of  the  south-western  side.  (See  Map, 
PI.  X.)  The  limits  as  thus  defined  enclose  an  area  corresponding 
with  that  surveyed  by  Lieuts.  Norris  and  Weston  in  1826,  and 
amounting  by  their  calculation  to  24,000  square  miles. 

The  city  of  N^lgpur  is  situated  very  near  the  centre  of  this  area. 
In  the  northern  division,  where  the  nills  are  both  most  numerous 
and  most  elevated,  the  direction  of  the  ranges  is  east  and  west.  In 
the  southern,  which  contains  a  greater  extent  of  level  country,  the 
course  they  take  is  generally  north  and  south. 

Chourd^a^,  the  highest  summit  of  the  Mah^ewa  hills,  and  the 
loftiest  pomt  in  our  district,  rises  to  an  altitude  of  4200  feet  above 
the  sea :  the  usual  height  of  the  range,  which  entering  the  N^lgpur 
territory  from  Gdwilgac?  passes  by  Dewagad  towards  Siwani,  is  not 
above  2000  feet,  though  in  the  east  of  the  same  chain,  where  it  goes 
under  the  name  of  the  L^ji  Hills,  some  of  the  peaks  attain  an  ele- 
vation of  2300  and  2400  feet.  At  Nagpur  the  country  has  fallen 
to  a  level  of  1000  feet.  On  the  west,  however,  it  immediately  rises 
by  200  or  300  feet  in  a  succession  of  eminences,  which  ran  parallel 
to  the  Dewagat/  range,  until  they  reach  the  basin  of  the  Wardhi, 
when  they  suddenly  sink  in  precipitous  descents  as  at  Talegaum 
Ghat.  Towards  the  east  of  the  capital,  the  plain  extends  almost 
without  interruption  to  the  banks  of  the  Wein  Gangd,  where  the 
general  level  is  about  900  feet  above  the  sea.  Still  further  east,  on 
crossing  the  river,  we  find  the  country  preserving  its  former  flatness, 
except  that  occasionally  it  is  diversified  by  ranges  of  hills  running 
north  and  south,  of  which  that  encircling  the  Lake  of  Nawagaom  is 
the  most  considerable.  In  the  southern  division  of  the  territory 
there  are  few  hills,  if  any,  that  rise  above  2000  feet;  while  the 
champaign  tracts,  which  abound  on  both  sides  of  the  Wein  Gang£ 
and  Wardhd,  fall,  ere  these  rivers  have  effected  the  junction  of  their 
united  streams  with  the  Godavari,  to  800  feet  above  the  sea-level. 

It  will  thus  be  seen  that  our  district  presents  a  watershed  from 
north  to  south.  The  most  important  rivers  which  flow  through  it 
are  the  Kanhdn  from  the  Mahddewa  Hills,  which  at  Kdmpti  receives 
the  Pech  from  the  same  upland  tract,  and  the  Roldr, — the  Wardha, 
which  is  joined  by  the  Wanna  from  the  hills  west  of  Ndgpur,  and  by 
the  Pain  Ganga  n:om  the  Nizam's  oountir, — and  the  Wein  Ganga, 
the  largest  of  all,  which  on  its  left  bank  is  increased  by  the  united 
streams  of  the  Wdg,  the  Son,  and  the  Dewa,  and  by  the  Chulband, 
and  on  the  right  by  the  Kanhdn  and  Wardha,  after  its  confluence 
with  the  latter  of  which  it  takes  the  name  of  the  Pranhitd,  and  ere 
long  discharges  its  waters  into  the  Goddvari. 
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History  of  the  Geologieal  Observations  of  the  District. — The 
geological  structure  of  the  territory,  whose  extent  and  natural  fea- 
tures have  been  thus  briefly  described,  has  for  some  time  engaged 
the  attention  of  scientific  men  in  India.  Dr.  Yoysey  and  Captain, 
now  Colonel,  Jenkins  were  the  first  who  examined  it.  From  the 
result  of  their  investigations,  as  published  in  the  Bengal  Asiatic 
Society's  Transactions,  Part  I.  for  1829,  it  ^ould  seem  that  they 
were  unsuccessfol  in  their  search  for  fossils.  The  lamented  Yoysey, 
indeed,  who  was  the  first  in  India  to  find  shells  in  a  stratum  enclosed 
in  trap,  thought  he  had  discovered,  on  the  journey  hence  to  Calcutta, 
which  terminated  his  distinguished  career,  bivalves  in  a  bed  of  lime- 
stone near  Rdyepur  within  the  N%pur  State,  though  on  the  east  of 
OUT  district* ;  but  I  have  since  ascertainedf  that  the  appearances, 
which  he  regarded  as  organic,  are  the  consequence  of  the  rock 
having  been  brecciated.  The  next  observer  within  our  field  of 
investigation  was  Dr.  Malcolmson,  who  in  1833  worthily  following 
up  Voysey's  discoveries  within  the  Nizam's  dominions  in  1819  and 
1823,  pointed  out  new  localities  for  the  formation  in  the  same  part 
of  the  country,  and  traced  it  into  this  kingdom  to  Chikni  and  Hin- 
ghanghdt.  At  the  former  of  these  places,  which  is  sixty  miles  south 
of  the  city  of  Ndgpur,  he  met  with  Unio  Deceanensis,  Physa  Prin- 
sepii^  PaludiTia  Deecanefisis,  and  Melania  quadrilineata :  at  the 
latter,  which  is  sixteen  miles  nearer  the  capital,  he  found  an  abun- 
dance of  sihcified  wood.  But  though  he  Hved  in  this  neighbourhood 
for  some  years,  he  does  not  appear  to  have  been  aware  of  the  exist- 
ence of  similar  organic  remams  here ;  and,  while  with  Yoysey  and 
Jenkins  he  enlarged  on  the  mineralogy  of  Sitdbaldi  Hill,  hke  them 
he  failed  to  advert  to  the  two  rocks  which  are  its  most  interesting 
features, — his  own  trap-imbedded  stratum  with  Physas  and  Melanias 
towards  the  top,  and  an  unfossiliferous  member  of  the  sandstone 
formation  resting  on  gneiss  at  the  bottom.  In  1842  Lieut.  Munro, 
of  H.M.'s  39th  Regt.,  brought  to  light  in  the  sandstone  quarries 
near  Kimpti,  nine  miles  N.E.  of  N^ur,  the  impressions  of  ferns, 
which  were  forwarded  to  Malcolmson  as  having  previously  discovered 
the  first  vegetable  remains  in  the  sandstone  of  the  Hyderabad  country, 
by  whom  they  were  figured  and  described  as  resembling  Glossopteris 
Iknueoides  of  Boyle  ^.  As  this  species  of  fern  is  now  understood  to 
be  a  TteniopteriSy  it  seems  Hkely,  that  the  comparison  of  the  Kdmpti 
spedmens  with  it  was  incorrect,  and  that  they  belonged  to  a  Glosso- 
pteris, whose  species,  owing  to  the  fragmentary  state  of  the  fronds, 
cannot  be  determined. 

In  1845  I  procured  a  few  fossils  of  the  same  kind  from  the 
Kdmpti  sandstone,  and  two  years  subsequently  my  esteemed  col- 
league the  Rev.  B.  Hunter  and  myself  fell  in  with  them  in  the 

*  Beng.  As.  Soc.  Joum.  vol.  xiii.  p.  856. 

t  The  first  person  singalar  here  refers  to  Mr.  Hislop,  by  whom  the  memoir  is 
tot  the  most  part  written,  with  the  exception  of  the  description  of  the  Plants  and 
Insects  of  the  Tertiary  deposits,  which  is  from  the  pen  of  his  fellow-Iabourer  Mr. 
Hunter.  For  a  previous  notice  of  the  **  Geology  of  the  N%pur  State/'  by  the 
Rev.S.  Hislop,  see  Joum.  Bombay  Asiat.  Soc.  No.  18,  July  1853,  p.  58,  &c. — Ed. 

t  Bomb.  Br.  R.  As.  Soc.  Joum.  vol.  i.  p.  249. 
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contemporaneous  strata  of  CMnd^  eighty  miles  south  of  N%pur. 
None  of  these  specimens,  however,  were  preserved,  nor  was  anything 
further  done  hy  us  or  by  others  to  understand  the  palseontolosy  of 
this  part  of  India,  until  June  1851,  when,  walking  with  my  fellow- 
labourer  in  the  neighbourhood  of  our  residence,  two  or  three  Physas 
in  a  deposit  enclosed  in  a  trap  hill  about  a  mile  west  of  Sit^Umldi, 
and  two  miles  in  the  same  direction  from  N^lgpur,  forced  themselves 
on  my  notice.  They  were  at  once  referred  to  the  fossik  which 
Voysey  and  Maloolmson  had  discovered  in  a  similar  situation,  and 
the  deposit  in  which  they  occur  was  identified  with  the  freshwater 
formation  that  they  had  traced  in  several  parts  of  the  Nizam's  terri- 
tory, and  at  Chikni  and  Hinghanghdt  in  this  state.  In  a  few  davs 
after,  at  the  same  spot,  I  found  uie  first  bone,  and  Mr.  Hunter  the 
first  tooth ;  and,  after  a  week  or  two,  on  Takli  Plain,  about  2^  miles 
N.W.  of  N^ur,  I  met  with  the  first  Fruit  and  Entomostracan. 
About  the  same  time,  from  observing  the  traces  of  ancient  vege- 
tation on  the  soft  clayey,  sandstone,  used  in  the  absence  of  chalk  for 
whitening  the  writing-boards  in  our  Mission  schools,  I  was  led  to 
make  inquiries  about  the  locality  from  which  it  was  brought,  which 
ended  in  the  discovery  of  GlossopterU  and  PhyUotkeea  and  some 
seeds  or  seed-vessels  at  Bokhar^  six  miles  north  of  Ndgpur.  Ere 
lone  we  were  joined  by  our  friend  Capt.  Wapshare,  Judge  Advocate 
of  me  N^lgpur  Subsidiary  Force,  who  added  many  valuaUe  vegetable 
remains  to  our  collection ;  and  it  is  to  his  able  and  generous  efforts 
that  we  owe,  among  other  rare  acquisitions,  the  first  palm  and  the 
first  mulberry-like  fruits.  From  the  red  shale  of  Korh^,  seven 
miles  north  of  N4gpur,  I  procured  tracks  of  Annelids,  and  more 
recently,  in  combination  with  them,  the  foot-marks  of  some  Reptile : 
and  towards  the  end  of  the  year,  in  company  with  Lieut.  Sankey  of 
the  Madras  Engineers,  I  visited  Silewadfi,  twelve  miles  north  of 
N4gpur,  where  the  sandstone  yielded  a  profusion  of  rich  and  most 
beautiM  specimens  of  Glossapteris,  and  whence  have  since  been 
obtained  a  variety  of  Exogenous  stems,  several  species  of  Phyllotheca, 
and  an  interesting  specimen,  contributed  by  Mr.  Hunter,  of  an  allied 
genus,  which  by  Lindley  and  Hutton  is  reckoned  an  Eguisetumf 
and  by  Bunbury  probably  an  Asteropht/llites^,  A  Mission  tour, 
undertaken  about  the  same  time,  conducted  my  colleague  and 
myself  past  the  freshwater  formation  at  Pah^ingha,  forty  miles 
W.N.W.  of  N^igpur,  in  which  was  detected  an  abundance  of  fish- 
scales,  dispersed  through  the  stone.  On  our  return,  Mr.  Hunter, 
among  the  seeds  and  fruits  of  Tdkli,  discovered  the  first  specimen 
and  the  greater  part  of  our  fossil  Coleoptera ;  while  we  received  an 
accession  to  our  collection  of  shells  from  Dr.  J.  Miller,  then  of  the 
10th  Regt.  M.  N.  I.,  who,  while  on  an  excursion  with  Dr.  Fits- 
serald,  had  found  the  freshwater  formation  at  ButddL  near  Mach- 
hBghod&,  eighty  miles  north  of  N%pur,  and  also  from  Mr.  Sankey, 
who  had  fallen  in  with  it  at  Pilkdpahad,  twenty-five  miles  to  the 
north-west.  The  latter-named  officer,  after  discovering  in  the  Kimpti 
quarries  the  first  Fertebraria,  a  fine  species  of  Phyfhtheca,  a  long 
*  Quart.  Joum.  Geol.  Soc.  yol.  vit.  p.  189. 
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endoffenous  leaf,  and  an  abundant  kind  of  seed,  all  of  which  he  libe- 
rally handed  oyer  to  us,  proceeded  along  with  Dr.  Jerdon,  the  Indian 
ornithologist,  in  the  direction  of  But^&  and  the  Mahddewa  HiUs*, 
whence  they  returned  with  seyeral  new  fossils  belonging  to  our 
Eastern  Coal-formation,  and  excellent  specimens  of  the  shells  pre- 
viously collected  by  Dr.  Miller,  agreeing  in  general  with  those  of 
this  neighbourhood.  In  a  portion  of  uie  But4rd  rock  which  they 
kindly  gaye  me,  I  was  struck  with  the  appearance  of  a  diminutive 
creature,  which  proved  to  be  a  second  genus  of  the  Entomostraea. 
£re  the  first  anniversary  of  the  discovery  of  our  earliest  Physa  had 
come  round,  several  other  localities  had  been  ascertained  for  both  the 
freshwater  and  sandstone  fossils,  and  observations  had  been  made  on 
the  remains  of  quadrupeds  and  shells  imbedded  in  comparatively 
recent  deposits.  Since  that,  on  our  annual  Mission  tours  we  have 
become  acquainted  with  a  productive  site  for  sandstone  organisms  at 
Mdugali,  sixty  miles  south  of  N^pur,  which  has  afforded  a  few 
unusual  vegetoble  remains,  a  species  of  Estheria,  scales  and  jaws 
of  Fish,  and  the  entire  head  of  a  Saurian ;  we  have  passed  through 
districts  abounding  in  laterite  and  iron-ore,  and  have  increased  our 
knowledge  of  the  geological  structure  of  the  country  generally. 

General  Geology  of  the  District, — From  the  rapid  survey  which  we 
have  taken  in  the  preceding  historical  introduction  of  the  fossils  that 
have  .been  brought  to  light  within  our  area,  it  is  obvious  that  its  palae- 
ontology, contrary  to  the  common  idea  of  Indian  formations,  is  both 
varied  and  important ;  but,  even  in  a  lithological  point  of  view,  there 
are  few  tracts  of  equal  extent  that  are  worthy  of  more  attention,  and  of 
all  the  portions  of  that  interesting  area,  there  is  none  for  interest  that 
can  be  compared  with  the  vicinity  of  N^gpur, — its  centre  at  once  poli- 
tical, historical,  and  geological.  We  have  only  to  take  a  few  steps 
from  our  house  and  we  reach  the  summit  of  Sitdbaldi  Hill, — the 
scene  of  as  heroic  a  conflict  as  ever  our  countrymen  gained  in  the 
East.  The  spot  on  which  we  stand  consists  of  nodular  trap  (fig.  1). 
At  the  distance  of  a  few  yards  from  our  feet,  just  under  the  brow  of  the 
hill,  is  a  narrow  stripe  of  green  or  yellow  calcareous  indurated  clay, 
which,  on  close  inspection,  is  found  to  contain  a  number  of  decaying 
casts  of  freshwater  shells.  Under  this  we  perceive  a  bluish-green 
friable  rock,  which  hardens  first  into  a  tough  amyedaloid,  and  then, 
a  little  above  the  level  of  the  plain,  down  to  which  it  is  scarped  by 
the  quarrymen,  into  a  compact  greenstone.  Cropping  out  from 
under  the  foot  of  the  hill  may  be  seen  a  bed  of  soil  variegated  sand- 
stone, and  then,  according  as  we  look  east  or  west,  the  prevailing 
rock  covering  the  plain  beyond  is  either  gneiss  or  trap. 

But  let  us  extend  the  prospect  to  the  horizon.  As  we  stand  with 
our  faces  to  the  north,  the  first  glance  that  we  cast  on  the  distant 
hills  shows  that  there  is  a  marked  difference  among  them.  Behind 
us,  on  our  lefl,  and  in  front  we  follow  a  long  sweep  of  flattened 
summits,  with  here  and  there  a  valley  to  break  the  uniformity ;  but 
no  sooner  do  we  look  towards  the  risht  than  we  descry  a  series  of 
round-topped  hills  rising  up  at  interval  in  massive  strength.  These 
*  Quart.  Journ.  Geol.  Soc.  yol.  x.  p.  55. 
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flattened  summits  are  the  tops  of  trap-hills,  which  stretch,  in  the 
orm  we  see,  from  our  present  position  to  the  coast  of  the  Arabian 
j3  Sea ;   and  these  massive  eminences  are 

granitic  hills  which  rise  up  in  the  manner 
that  meets  our  eye,  at  various  distances 
from  each  other,  n'om  the  place  where  we 
stand  to  the  Bay  of  Bengal.  The  inter- 
mediate hills  and  plains,  which  in  front 
fill  up  the  for^ound,  are  formed  of  the 
8  dolomite  and  shale  of  Korhddi,  and  the 

^  sandstone  of  the  basins  of  the  Kanhfa 

I  and  Koldr. 

From  our  elevated  station  we  are  thus 
enabled  to  command  a  prospect  of  twenty 
miles  in  every  direction,  and  the  forma- 
tions that  we  can  trace  within  that  range 
make  up  an  exact  miniature  of  the  geo- 
logy of  our  whole  area.  Nay,  were  we 
f^  .o  S  ^v;    ^o  go  down  the  hill  and  walk  around  its 

t^  6 1       base,  in  the  descent  and  circuit,  which 

g  ^.J       might    all   be   accomplished  in  twenty 

^  1^       minutes,   we  should  meet  with  almost 

?2  ^t,'i     every  rock  that  is  tb  be  found  between 

%  j|*|     Bombay  and  Kattdk. 

'g^  || I         The  geology  of  our  area  must  at  one 

§  1^1     time  have  been  extremely  simple.     Its 

.^  |||     principal  feature  was   then    sandstone, 

e  |!§  3     CL^ociated  with  shale  and  limestone.  But 

•S  gfi     now  other  two  formations  are  discovered 

^  I  sj     on  the  arena,  and  these  seem  on  the  sur- 

°?  t  i-S     face  as  if  they  had  been  two  huee  ice- 

'.  sgcg     bergs,  which  approached  each  ouier  in 

^.  ^11     frightful  collision,  crushing  the  sandstone 

f^  ll*^     between  them,  and  allowing  the  frag- 

pj||  ments  to  slide  out  at  either  end,  and 
I  ►'s^  scattering  them  here  and  there  over  their 
l&ll  own  bulk.  Or,  to  speak  in  language 
|£i|  more  precise,  the  sandstone  formation, 
,  a-^t-^     which  once  occupied  the  whole  space  that 

•||J|  we  have  chosen  for  description,  is  now 
5§3o  covered  up  by  trap  on  the  west,  and 
«  ots «:  broken  up  by  granite  on  the  east,  leaving 
only  a  small  diagonal  stripe  running 
through  the  centre,  which,  afler  being 
interrupted  at  the  north-west  and  south- 
east, increases  in  these  directions  to  a 
broad  expanse,  while  a  few  detached  por- 
tions, formerly  continuous  with  it,  appear 
in  the  body  of  the  trap  and  granite.  It 
is  the  juxtaposition  of  trap,  sandstone. 
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and  granite  in  this  neighbourhood  which  invests  the  geolo^  of 
Nl[gpur  with  special  importance,  and  which,  when  investieated  by 
competent  observers,  may  shed  a  flood  of  light  some  future  day  upon 
Indian  geology  in  general. 

Trap  Rocks  of  the  District,  — The  greater  part  of  the  trap  within 
our  area  lies  in  the  west  in  the  shape  of  a  parallelogram,  one  of  whose 
comers  has  been  encroached  on  by  a  projecting  portion  of  Berdr  and 
the  Betul  district  of  the  Sdgar  and  NarbaddiL  territories.  Its  greatest 
length  is  1 20  miles,  and  its  breadth  is  from  fifty  to  sixty.  Its  south- 
western side,  on  which  the  irregularity  of  figure  is  found,  and  by 
which  it  joins  on  to  the  great  sheet  of  basalt  in  the  Dakhan,  is  formed 
by  the  Wardh^.  Its  south-eastern  side,  commencing  from  Suit  on 
that  river,  crosses  the  road  from  Ndgpur  to  Chind^  on  the  south  of 
Chikni,  and,  passing  by  the  north  of  the  M&ngali  fossiliferous  quarrv, 
extends  to  Sdkrd  and  Bhiwdkund,  after  which  it  coincides  very  nearly 
with  the  political  division  between  the  Siib4s  (provinces)  of  Ndgpur 
and  Chanda,  which  stretches  by  Lingd,  Jdmgaum,  and  A'lasur  Hills 
to  the  north-west  of  Bhlsi.  Here  begins  its  north-east  side,  which 
skirts  the  small  patches  of  sandstone  on  the  west  of  Umret  and  Kuhi, 
and,  running  close  by  the  city  of  Nagpur,  meets  with  an  eruption  of 
granite,  and  then  touches  the  sandstone  basin  of  the  Kanhan  and 
RoUr,  after  which  it  again  encounters  plutonic  rocks  on  its  passage 
up  the  right  bank  of  the  Kanh^  to  Dewaga^f .  At  this  ancient  Gond 
fortress,  the  upland  tract  of  Mult^,  which  constitutes  the  north-west 
side,  joins  that  last  described,  and  completes  the  parallelogram. 

In  addition  to  this,  the  main  bodv  of  trap  within  our  area,  and 
connected  with  it,  there  is  a  smaller  development  of  the  same  forma- 
tion in  the  north.  Stretching  south  and  east  from  Dewaga^f,  it  fills 
up  the  space  between  the  Kanh£n  and  the  Pech,  and,  sweeping 
westward  round  the  granite  at  Chindwd^j,  and  eastward  by  way  of 
the  summit  of  Kurai  Ghdt  to  Siwani  and  Chap^r^  it  merges,  along 
with  the  Mathur  range  of  hills,  in  the  basaltic  district  that  extencU 
to  the  Narbaddd  at  Jabbalpur. 

The  above  is,  I  believe,  all  the  overlying  trap  within  our  area, 
with  the  exception  of  one  or  two  isolated  portions  south-east  from 
Suit,  near  Waroda  and  the  confluence  of  the  Pain  Ganga  with  the 
Wardhd. 

Granitic  and  schistose  rocks. — ^The  plutonic  and  metamorphic 
formation,  the  extent  of  which  I  shall  now  briefly  indicate,  lies  chiefly 
in  the  eastern  portion  of  our  area.  It  is  intersected  by  the  Wein 
Gangd  for  the  greater  part  of  its  course.  The  tract  on  the  left  bank 
of  the  river  I  have  had  little  opportunity  of  exploring ;  but,  from  the 
cursory  examination  I  have  given  it,  I  have  reason  to  believe  that 
granite  and  its  allied  rocks  are  there  very  largely  developed,  being 
only  occasionally  diversified  by  patches  of  sandstone  and  variegated 
shales,  among  which  red  shales  predominate.  On  the  right  bank  of 
the  Wein  Gangd,  in  the  district  near  its  junction  with  the  Wardhd, 
the  extent  of  the  formation  is  not  so  great.  It  is  observed  princi- 
pally in  the  channel  of  the  Wein  Gang4,  though  it  may  also  be  traced 
around  the  bases  of  the  sandstone  chains  of  hills,  which  it  has  been 
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the  means  of  upheaving.  In  both  the  districts  under  consideration 
the  general  i^trike  of  me  strata  is  N.  &  S.,  corresponding  with  the 
direction  of  the  streams  and  mountain-ranges,  and  m  that  last  men- 
tioned the  dip  is  for  the  most  part  to  the  west.  But  it  is  on  the 
north  that  the  greatest  development  of  granite  and  crystalline  schists 
occurs.  There  we  may  perceive  these  rocks  rising  to  the  surface 
(though  it  would  be  hazardous  to  conclude  that  there  are  not  others 
of  a  different  character  in  the  hollows  covered  up  bv  the  deep  soil) 
from  N&gpur  north-eastward  to  the  Iianji  HiUs, — a  <ustance  e^ual  to 
the  length  of  our  trappean  parallelogram,  and  with  a  breadth  in  pro- 
portion. This  second  parallelogram  is  applied  perpendicularly,  but 
unequally,  to  that  previously  described.  Near  the  line  of  contact, 
t.  e.  in  the  district  near  Nigpur,  the  gneiss  and  other  metamorphic 
rocks,  like  the  hills  and  tributaries  of  the  Wein  Gang^  which  run 
through  it,  had  uniformly  an  east  and  west  direction,  with  veins  of 
the  massive  rock  penetrating  them  at  right  angles  to  ihe  strike. 

This  is  the  case  with  the  crystalline  formation  north  of  the  K4mpti 
quarries,  which  has  communicated  to  the  sandstone  strata  there  and 
at  Silewi^i  a  southerly  dip.  As  the  granitic  eruption,  however,  is 
traced  up  the  basin  of  the  Kanhdn,  it  is  seen  to  bend  round  a  little, 
and  to  give  a  westerly  inclination  to  the  sandstone  at  BibulkhedSa* 
Tondakheiri,  and  Ad&si.  From  the  last-mentioned  place  it  pro- 
ceeds northwards  past  Sdner  and  Kelod,  in  a  narrow  stripe  on  both 
sides  of  the  Kanb^  up  to  Dewaga^f.  Beyond  this  we  find  it  rising 
up  around  Chindw^^  and  running  west  into  the  shaly  beds  of  Jim- 
wahi  and  HardHgac?.  But  returning  to  the  neighbourhood  of  N%- 
pur,  we  discover  parallel  to  the  great  body  of  the  granitic  formation 
on  the  north  of  Kdmpti  a  ruiffe  of  quartz  hills  running  in  the  line  of 
the  strata  westward  from  ^M^uregaom  to  GumtM.  The  plutonic 
force,  which  has  tilted  up  these,  has  greatly  disturbed  the  limestone 
rocks  at  Korh^uli,  and  given  to  the  sandstone  at  Bokb^r^  on  the 
south  of  the  Kol^r,  the  same  dip  as  we  observe  at  SHewitdi.  and 
K£mpti  on  the  north  of  that  river. 

Sandstone. — But  let  us  now  refer  to  the  sandstone  formation, 
which  I  have  said  exists  in  the  central  parts  of  our  area,  though  only 
the  wreck  of  what  it  once  was.  Its  upper  member,  reduced  in  thick- 
ness by  metamorphic  agency,  may  be  observed  horizontallv  entering 
the  trap-hill  of  Sit^baldi  on  the  east  side,  and  again  emergmg  on  the 
west.  It  is  then  wholly  displaced  by  gneiss  and  granite  towards  the 
N^  River,  after  which  it  again  becomes  the  surface  rock  for  a  short 
distance  to  the  west,  until  it  is  a  second  time  overlaid  by  trap.  It 
remains  thus  concealed  for  sixteen  miles,  when  it  is  seen  on  the  north- 
west of  Yahdr  at  Nimji,  whence  it  extends  to  Sdtnawari  on  the  south- 
west and  Kotwalbadl  on  the  north-west.  At  these  villages  it  is  a  third 
time  covered  up  by  trap,  nor  does  it  in  that  direction  rise  again  to 
the  surface  witnin  our  area,  or  indeed,  I  believe,  anywhere  beyond 
it.  The  division  of  this  formation  which  proceeds  to  the  north  of 
N^gpur  occupies  a  part  of  the  basins  of  the  Kanh^  and  Kol^  from 
Kdmpti  on  the  south-west  to  Kelod  on  the  north-west,  being  about 
thirty  miles  long  and  twelve  broad.    Its  north-eastern  border  touches 
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the  great  granitic  tract,  which  stretches  from  Nagpur  to  the  Lanji 
Uilk,  while  its  south-western  boundary  is  constituted  by  the  trap, 
surrounded  by  which  two  of  its  detached  portions  are  found  at  Kut- 
kheiri  and  Chorkheiri,  near  the  source  of  the  Kol£r.  Were  we  to 
follow  the  direction  of  these  outliers,  they  would  lead  us  to  the  sand- 
stone hills  beyond  our  area,  that  skirt  the  southern  side  of  the  trap 
chain  of  6dwilga£/,  north  of  Elichpur.  But  if  wc  suppose  the  sand- 
stone continued  north-west  in  the  Une  of  the  Kanhdn's  course,  we 
arrive,  after  crossing  some  miles  of  trap  and  granite,  at  the  beds  of 
carbonaceous  and  clayey  shales,  which,  running  under  the  trap-range 
of  Mathur,  appear  on  the  north  side,  and  form  the  base  of  the  lofty 
development  of  sandstone  at  the  Mahddewas.  The  largest  body  of 
this  formation,  however,  lies  to  the  S.  in  the  basin  of  the  Wardh& 
and  Pranhiti,  extending,  with  only  a  few  slight  intrusions  of  plutonic 
rocks  at  Segaum  and  the  north-west  of  Ch4ndi,  and  some  outliers 
of  trap  indicated  on  the  map,  from  the  termination  of  the  basaltic 
effusion  at  J&mgaum  Hill  and  Suit,  south-west  into  the  Nizam's 
country  by  Kot4,  until  within  a  short  distance  of  Padrdchellam. 

A  very  marked  feature  in  the  geology  of  the  country  between  the 
Iri  and  the  Wein  Ganga  is  the  occurrence  of  ranges  of  sandstone- 
hills,  running  for  the  most  part  north  and  south,  corresponoing  in 
general  direction  with  ranges  of  the  same  formation  in  the  district  of 
iLota,  described  by  Dr.  Bell  *.  These  hills,  where  they  have  fallen 
under  my  observation,  rise  from  plains  of  plutonic  rocks,  by  which 
the  strata  have  been  indurated  and  elevated,  though  still  retaining 
their  horizontal  position.  Such  are  the  flat-topped  chain  which 
stretches  on  the  east  of  Segaum,  and  that  which  terminates  in  the 
castle-like  bluff  of  PenagaS.  On  either  side  of  the  Wein  Ganga  we 
meet  with  some  isolated  remnants  of  the  sandstone  formation.  One 
of  these,  but  very  limited  in  its  dimensions,  lies  on  the  banks  of  the 
Selari,  a  small  stream  which  joins  the  Wein  Ganga  near  the  town  of 
Pawani.  Another  farther  down  the  river  extends  for  some  distance, 
first  on  the  right  bank  and  then  on  the  left.  In  the  district  on  the 
east  of  the  Wein  Ganga,  a  little  sandstone  proper  is  met  with  at  Koka 
to  the  north-east  of  Bandara,  and  on  the  banks  of  the  Wag  River 
near  Ambgaum,  and  on  the  east  side  of  the  Nawagaum  Lake,  from 
which  it  extends  south  as  far  as  Mahagaum ;  while  on  the  west  of 
the  Like  there  is  an  abundance  of  shale,  which  is  also  seen  to  cross 
the  road  from  Nagpur  to  Eiyepur  at  Mundipar  Ghat  and  Jamnapur 
near  Sakorali.  These  argillaceous  strata,  which  are  red,  green,  and 
as  partly  at  Mundipar  even  white,  seem  to  be  the  same  as  the  fossi- 
liferous  laminated  clays  at  Korhadi.  In  addition  to  the  dolomitic 
strata  at  Korhadi  mentioned  above,  there  are  eminences  of  the  same 
crystalline  hmestone  running  eastward  among  plutonic  rocks  from 
the  Pech,  on  the  west  bank  of  which  river  higher  up  there  is  a  small 
patch  found  along  with  a  little  outcrop  of  sandstone  at  Dudhgaum, 
surrounded  by  trap. 

Latent e,  ^c. — In  various  parts  of  our  area  we  meet  with  beds  of 
laterite,  covering  the  rocks  already  described.  I  have  not  found  it 
•  Quart.  Journ.  Gcol.  Soc.  vol.  viii.  p.  230. 
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on  the  west  of  Nagpur  ;  but  it  is  seen  abundantly  within  the  trap- 
district  at  Siggr  N.  of  Dudhgaum,  and  at  P^ndarataliw  S.W.  of 
Umre^.  At  Karanla,  £.  of  the  same  town,  it  oyerlies  plutonic 
rocks,  and  from  Pawani  on  the  Wein  Gangd  it  stretches  in  a  broad 
belt  sometimes  over  sandstone  and  at  other  times  over  gneiss  and 
granite  towards  Weiraga^/.  South  and  west  of  this  throughout  all 
the  province  of  Ch&nd4  it  occurs  more  or  less.  I  have  already  men- 
tioned the  fact  of  its  resting  on  dolomite  at  A'mb%iri.  At  M4honda 
on  the  Ejinh&n,  straight  east  from  Nagpur, — at  Dharmapuri  and 
Karbi  in  the  basin  of  the  Sur  Biver,  which  flows  from  Rtotek  into 
the  Wein  6ang&, — and  again  in  the  neighbourhood  of  Chdndpur 
further  up  the  Wein  Gran^  the  same  formation  is  presented  to  view. 
But  it  is  on  the  east  bank  of  the  river  that  its  most  extensive 
development  is  witnessed.  Crossing  the  BAyepur  road  at  several 
places  it  unites  on  the  north  of  it  to  form  extensive  tracts  in  the 
district  of  Linji,  and  all  around  Hatt4  and  K4mt4. 

The  superficial  deposits  that  are  superior  to  laterite  are  either  red 
or  black.  The  former  is  found  in  general  where  plutonic  rocks, 
sandstone,  or  laterile  prevail,  though  instances  are  not  rare  of  the 
latter  being  met  with  in  such  situations.  The  ''regur,"  or  black 
soil,  occurs  almost  universally  where  trap  abounds. 

Description  of  the  Strata. — Having  thus  given  some  account 
of  the  extent  of  the  formations  withm  our  area,  as  they  appear 
on  the  surface,  I  shall  now  endeavour  to  point  out  in  a  descending 
order  their  thickness,  nature,  contents  fossil  or  mineral,  as  the  case 
may  be,  and  age. 

I.  Superficial  Formations. 

1 .  Black  Soil  or  Regur. — The  regur  is  of  no  great  depth  in  this 
district,  seldom  if  ever  exceeding  20  feet.  In  some  places,  as  at 
T&kU  village,  it  is  seen  to  overlie  a  stratum  of  brown  tenacious  day, 
which,  hke  itself,  is  much  mixed  with  '*  kunker."  I  have  not  suc- 
ceeded in  finding  any  organic  remains  in  the  regur  except  bones  of 
oxen  and  sheep,  of  very  doubtful  antiquity. 

2.  Red  Soil. — ^The  red  soil  in  our  area  is  of  greater  depth  than 
the  black,  frequently  displaying  a  section  of  50  feet.  Like  it»  it 
seems  to  rest  on  a  brown  calcareous  clay,  at  the  bottom  of  which 
there  is  in  general  a  layer  of  conglomerate.  In  river-basins  it  alter- 
nates with  lavers  of  loose  sand  and  gravel,  often  imbedding  existing 
fluviatOe  shells  of  the  genera  Melania,  Cyrena,  and  Unio.  In  the 
district  west  of  Nagpur,  the  rivers  often  expose  a  bed  of  sand  and 
gravel  cemented  by  a  small  quantity  of  lime,  and  in  its  consolidated 
state  fumishine  blocks  of  sandstone  or  conglomerate  two  or  three 
feet  thick.  This  stratum  for  the  most  part  is  unfossiliferous,  but 
near  the  Kol£r,  about  ten  miles  north  of  Nagpur,  there  occurs  in  it 
an  abundance  of  Paludina,  Melania,  and  Cyrena,  which,  though  be- 
longing to  existing  species,  from  the  nature  of  the  matrix  have  been 
much  altered  since  the  period  of  their  deposition.  Of  some  the 
cavities  are  simply  filled  with  siliceous  and  calcareous  matter,  but  in 
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the  greater  namber  of  instances  the  shell  has  been  completely 
absorbed,  and  employed  as  a  cement  in  aggregating  the  particles  of 
the  rock.  A  similar  deposit  is  seen  at  N&galwac?a  near  Elichpur,  to 
the  west  of  our  area ;  but  there,  in  addition  to  the  fossils  just  men- 
tioned, it  includes  LimtuBus,  Planorbis,  and  Unto,  On  the  banks  of 
the  Sarpan  River,  near  Tondakheiri,  14  miles  N.W.  of  Ndgpur, 
there  is  an  accumulation  of  the  freshwater  shells  previously  enume- 
rated, with  a  considerable  intermixture  of  a  species  of  Bithinia  and 
I  few  specimens  of  land  shells — Helix  and  Bulimus.  Mingled  with 
these  remains  of  Mollusca,  there  was  a  quantity  of  jaws,  vertebrae, 
and  other  portions  of  Mammalia,  which  were  not  much  petrified ; 
but,  I  r^et  to  say,  they  were  accidentally  destroyed  before  they 
oould  be  examined*.  In  the  bank  of  the  Kanhan  at  Kampti  about 
45  feet  under  the  general  surface  I  found  the  shoulder -bone  of  some 
mammifer,  much  increased  in  weight  from  the  process  of  petrifaction. 
Bones  in  the  same  state  have  been  discovered  lying  above  ground, 
between  N&gpur  and  Kampti,  which  must  have  been  washed  out  of 
the  kankaraceooB  red  soil. 

Jud^ng  from  the  relation  of  the  regur  and  red  soil  to  the  brown 
day,  I  am  inclined  to  regard  it^ae  two  formations  as  contempora- 
neous ;  and,  from  the  evidence  of  the  fossils  contained  in  the  latter, 
I  would  class  both  as  Post  Pliocene. 

II.  The  Brown  Clay,  on  which  I  have  said  both  the  red  and  black 
superfidsl  deposits  rest,  averages,  together  with  its  underlying  Con- 
glomerate,  a  depth  of  20  feet.  The  clay  is  not  known  to  be  fossili- 
ferous,  but  in  Tfikli  Plain  there  were  found  in  the  conglomerate 
apparently  the  tusks  of  a  large  mammal,  which  had  been  completely 
converted  into  stone,  but  they  were  so  much  affected  by  the  weather 
as  to  fall  to  pieces  on  being  removed.  The  formation  containing 
them,  I  suppose,  should  be  assigned  to  the  Newer  Pliocene,  and  will 
rank  with  similar  deposits  at  Jabbalpur  and  elsewhere. 

III.  Laterite, — ^This  formation  seldom  exceeds  10  feet  in  depth 
anywhere  in  our  area.  No  fossils  have  yet  been  discovered  in  it 
here,  but  diamond-mines  have  been  opened  in  it  east  of  Ndgpur. 
Malcolmson  f  ,  and  after  him  Newbold,  inferred  the  identity  of  the 
sandstone  of  Central  with  that  of  Southern  India,  from  the  existence 
of  diamonds  at  Weir^ga^f,  a  town  about  80  miles  S.£.  of  the  capital. 
The  inference,  however,  is  drawn  from  erroneous  premises,  which 
would  have  been  corrected,  had  these  authors  personally  visited  the 
spot.  At  Weir^ga^f  there  is  no  sandstone  near  the  diamond-mines  ; 
tne  only  rock  in  the  vicinity  is  quartzose  and  metamorphic.  It 
has  been  too  much  taken  for  granted,  in  my  opinion,  that  the 
diamond-conglomerate  of  Southern  India  is  connected  with  the 
sandstone,  within  tracts  of  which  it  is  sometimes  found ;  and  hence 
the  arenaceous  strata  of  the  Peninsula  have  actually  come  to  be 

^  Some  fragmentary  bones,  from  the  banks  of  the  Sarpan,  imbedded  in  a  sandy 
earth  and  associated  with  narobers  of  MeUmia,  Patudina,  and  Unio,  fonn  part  of 
the  series  of  organic  remains  forwarded  by  Messrs.  Hislop  and  Hunter.  The  bones, 
having  been  kindly  examined  by  Prof  Owen,  prove  to  have  belonged  to  Ruminants 
of  two  sizes, — such  as  a  Buffalo  and  a  small  Antelope.— Ed. 

t  Bomb.  Br.  R.  As.  Soc.  Jour.  vol.  i.  p.  250. 
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designated  by  the  name  of  diamond-sandstone.  Now,  althoagb  tbe 
diamond-conglomerate  bas  been  found  reposing  on  sandstone  beds, 
jet  tbere  is  no  instance,  tbat  I  am  aware  of,  of  tbe  diamond  having 
been  extracted  from  any  one  of  tbem ;  nor  are  tbere  any  data  to 
prove  tbat  tbe  conglomerate  derived  most  of  its  materials  from  that 
source.  On  the  contrary,  Heyne  *  bas  shown  tbat  the  pebbles  at 
Kondapetta  and  Ovalampalli,  near  Kadd4pa,  are  chiefly  of  chert  and 
jasper-basalt,  quartz,  hornblende,  and  felspar.  Tbe  first  two  have 
evidently  been  derived  from  the  limestone  of  tbe  neighbourhood,  and 
the  rest  from  igneous  rocks.  And  these  pebbles  are  not  contained 
in  a  paste  of  sand,  but,  according  to  Heyne,  of  clay  f*  It  is  true 
the  diamond- conglomerate  may  in  one  place  overhe  sandstone ;  but 
in  another  place,  as  at  Kond4pett4,  it  may  rest  upon  limestone, 
while  in  a  third,  as  at  B^wkdk,  near  M/isulipatam,  according  to  the 
statement  of  Captain  Newbold,  it  may  be  found  immediately  above 
gneiss^.  In  short,  I  am  inclined  to  concur  in  the  verdict  long  ago 
pronounced  by  that  experienced  Indian  observer.  Dr.  Heyne,  when 
ne  remarked,  "All  the  diamond-mines  which  I  have  seen  can  be 
considered  as  nothing  else  than  alluvial  soil"  (superficial  deposit). 
But  if  the  matrix  of  the  diamqpd  be  a  surface-deposit  overlying 
several  rocks,  I  can  perceive  no  propriety  in  attaching  its  name  to  one 
of  these  more  than  another.  Tbe  matrix  at  Weirdga^  is  a  lateritic 
grit,  and  it  is  worthy  of  notice,  that  wherever  the  precious  gem  is 
sougbt  for,  whether  m  India  or  Brazil,  there  for  the  most  part  oxide 
of  iron  is  diffused. 

Having  myself  met  with  no  fossil  in  this  formation,  I  have  nothing 
to  offer  by  way  of  determining  its  precise  age,  but  would  content 
myself  with  remarking,  tbat  it  must  be  posterior  to  the  overlying 
trap,  OH  which  it  is  found  occasionally,  though  in  our  district  very 
rarely,  to  rest. 

IV.  V.  and  VI.  Trap  and  its  enclosed  sedimentary  Formation. — 
The  next  rock  to  Laterite  in  order  of  downward  succession  is  the 
overlying  trap,  with  which,  however,  for  the  sake  of  perspicuity  it 
^ill  be  necessary  to  combine  the  freshwater  formation  previously 
alluded  to  and  the  underlying  trap. 

Trap,  it  was  before  stated,  is  the  prevailing  formation  in  the  west 
of  our  area ;  but  when  that  assertion  was  made,  it  was  understood 
tbat  this  volcanic  rock  is  of  two  kinds, — one  overlyine,  and  the 
other  underlying, — ^and  that  between  tbese  two,  and  therefore  seldom 
exposed  to  view,  tbere  is  for  the  most  part  found  an  aqueous  de- 
posit. All  three  generally  occur  together.  The  exceptions  are  met 
with  in  the  plains,  on  the  outiikirts  of  the  trap-formation,  where  we 
not  unfrequently  observe  the  usually  enclosed  stratiun  resting  im- 
mediately on  sandstone  without  tbe  presence  of  either  the  upper 
or  lower  basalt.  In  some  of  these  instances  it  is  probable  that 
tbe  overlying  rock  has  been  removed,  and  cases  occur  of  its  re- 
maining where  no  underlying  trap  has  ever  existed.  On  tbe  other 
band,  there  are  examples  in  similar  border-localities  of  a  single  sheet 

*  TracU  on  India,  p.  97.  f  Idid,  pp.  96  and  105. 

t  R.  As.  Soc.  Jour.  vol.  viii.  p.  245. 
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of  trap  extending  over  sandstone  without  being  associated  with  a 
second  sedimentary  formation  or  volcanic  effusion. 

Though  the  three  formations  are  generally  connected  with  each 
other,  yet  it  is  chiefly  the  upper  one,  viz.  the  overlying  trap,  that 
meets  the  eve  over  the  face  of  the  country.  Leaving  out  of  con- 
sideration the  very  few  examples  of  denudation  which  have  uncovered 
the  freshwater  deposit  in  the  plains,  and  the  equally  rare  instances 
of  eruption  which  have  there  upheaved  it  on  its  edge,  it  is  on  the 
escarpments  of  the  table-lands  that  we  may  be  said  to  gain  our  whole 
knowledge  of  this  department  of  N4gpur  geology.  In  commencing 
our  ascent  of  these  steep  hills,  our  attention  is  attracted  by  a  number 
of  blocks  near  the  foot,  which  are  easily  distinguished  from  the 
masses  of  basalt  among  which  they  have  fallen  from  above.  As  we 
make  our  way  up  over  the  hard,  dark,  vesicular  rock,  the  blocks  in- 
crease in  number  until  we  come  to  a  friable  greyish  or  bluish-green 
zone.  We  must  now  move  slowly  and  look  narrowly,  for  a  few 
yards  of  upward  progress  may  conduct  us  from  the  soft  amygdaloid, 
where  fragments  are  thickly  strewed,  to  a  nodular  basalt,  where  not 
a  trace  of  them  is  to  be  seen.  Occasionally  the  freshwater  forma- 
tion is  so  thin  that  a  very  little  earth  or  herbage  may  suffice  to  hide 
it  from  our  sight.  But  generally  the  water  from  the  brow  of  the 
hill  in  the  monsoon  collects  into  little  rills  just  at  the  place  where  it 
leaves  the  nodular  trap,  and  having  now  gathered  enough  of  strength 
to  make  an  impression  on  intervening  barriers,  it  proceeds  to  plough 
up  the  soft  deposit,  and  the  still  softer  subjacent  amygdaloid,  leaving 
an  interval  between  each  streamlet,  like  a  talus  resting  on  the  harder 
vesicular  rock  below  (see  fig.  2).  The  thickness  of  the  overlying 
trap  on  Sitabaldi  Hill  and  the  tabulated  summits  in  its  immediate 
vicinity  is  from  15  to  20  feet,  which  agrees  very  exactly  with  the 

Fig.  2. — Sectional  View  of  one  of  the  Trap  Hills  near  Ndgpur, 


a.  SuifRoe  soil.  e.  Freshwater  deposit. 

6.  Nodular  trap  (15  to  soft,  thick).         d.  Soft  amygdaloid.  «.  Hard  amygdaloid. 

thickness  assigned  to  it  by  Dr.  Voysey  at  Jillan.  On  the  Western 
Ghats,  however,  according  to  Colonel  Sykes,  a  stratum  of  earthy 
jasper,  which  is  just  our  freshwater  deposit,  was  found  near  Juuar 
under  a  thickness  of  from  300  to  600  feet  of  basalt*.  But  it  not 
unfrequently  happens,  that  in  leaving  the  plain  and  cUmbing  up  a 


*  Trans.  Geol.  Soc.  2  ser.  vol.  iv.  p.  419. 
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trappean  Hill  we  may  come  upon  the  freshwater  deposit  at  three  di- 
stinct elevations.  There  is  first  the  stratum  which  underlies  the  nodular 
trap  generally  throughout  the  plain,  and  which  may  be  seen  some- 
times laid  bare  at  the  commencement  of  the  ascent ; — then,  after 
passing  oyer  hard  and  soft  amygdaloid,  we  come  to  another  bed, 
overlaid  by  nodular  trap ;  on  gaining  the  top  of  this  we  reach  a 
terrace,  which  conducts  us  to  another  ascent,  where  we  find  ere 
mounting  to  the  summit  a  repetition  of  amygdaloid,  sedimentary 
rock,  and  globular  basalt.  An  example  of  this  occurs  at  the 
hill  of  Gidad,  40  miles  S.  from  Nagpur,  the  top  of  which  has  been 

Fig.  3.— Section  of  Gidad  HtU. 


a»  FrethwEter  deposit,  as  teen  in  the  plain,  of  a  white  colour. 

b.  Freahwater  deposit,  of  red  colour,  under  the  terrace. 

c.  Freahwater  deposit  higher  up,  brownish  green  in  colour. 

by  the  disciples  of  a  Musalman  saint,  named  Shek 
Par{d,  to  a  mendicant  establishment,  which  is  supported  by  the 
donations  of  Hindus  and  Muhammadans  alike,  from  all  parts  of  the 
N^ur  territory.  See  the  accompanying  section  of  the  hill  from  east 
to  west  (fig.  3),  where  a  is  the  deposit  in  the  plain,  white ;  b  the  same 
stratum  of  a  red  colour  under  the  terrace ;  and  c  a  repetition  of  it 
higher  up,  brownish  green.  Whether  there  was  a  fourUi  stratum 
above  c,  the  quantity  of  brushwood  and  want  of  time  prevented  me 
from  observing.  That  all  these  strata  are  one  and  the  same,  though 
they  differ  in  hue,  I  have  no  doubt.  When  we  become  acquainted 
with  the  changeableness  of  this  deposit  within  a  space  of  a  few  yards, 
its  different  phases  on  the  eastern  declivity  of  Qidad  Hill  occasion  no 
difficulty.  Near  K4tol,  40  miles  N.W.  from  N%pur,  a  similar 
appearance  is  presented.  There  a  thick  stratum  of  red  clay  lies  at 
the  foot  of  the  hill,  and  we  see  its  tendency  to  slope  upwards  and 
lean  against  the  ascent;  but  we  leave  it  behind,  and  come  upon  the 
amvgdaloid,  which  emerges  from  under  it.  The  amygdaloid  is  over- 
laid by  a  bed  of  red  clay,  which  is  surmounted  by  nodular  trap  con- 
stituting a  terrace.  Above  this,  before  we  reach  the  summit,  we 
meet  with  a  succession  of  amygdaloid,  red  clay,  and  nodular  trap 
again.  In  ascending  the  ghat  to  Gawilga«?  Fort,  which  however  is 
beyond  the  limits  of  our  map,  the  same  thing  may  be  observed. 
The  slope  is  so  steep,  that  the  road  is  carried  in  a  winding  direction 
up  its  face,  and,  although  there  are  no  terraces,  yet,  if  I  remember 
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right,  the  traveller  comes  upon  one  deposit,  which  is  there  of  a  deep 
red  day  as  at  K&tol,  three  or  four  times  successiyelj. 

From  the  remarks  now  made  it  will  be  inferred,  that  the  stratum 
in  question  is  extremely  varied.  Not  only  is  it  of  all  colours  and  all 
mixtures  of  tints,  but  it  is  of  all  kinds  of  substance,  and  all  forms  of 
structure.  At  one  place  it  is  calcareous,  at  another  siticeous,  at  a 
third  clayey,  and  at  a  fourth  a  compound  of  all  three.  Here  it  is 
soft,  and  there  indurated  ;  frequently  the  upper  layer,  which  is  next 
the  overlying  trap,  is  hardened,  while  the  lower  part  remains  un- 
changed. Here  it  is  crystalline,  there  cherty,  and  elsewhere  scoria- 
ceons.  In  one  spot  it  is  full  of  fossils,  in  another  and  neighbouring 
locality  it  is  utterly  devoid  of  all  traces  of  ancient  life.  In  one  part  of 
a  hill  we  see  it  six  feet  thick,  but  as  we  follow  its  line  along  tne  face 
of  the  escarpment  we  may  witness  its  reduction  to  Uttle  more  than  an 
inch.  I  know  not  one  constant  feature  that  is  characteristic  of  it. 
In  judging  of  its  identity  a  very  useful  guide  to  follow  is  its  position 
between  the  nodular  trap  above  and  the  vesicular  trap  below ;  but 
even  this,  as  we  have  seen,  fails  us  on  the  outskirts  of  the  formation. 
Extensive  experience,  that  enables  us  to  combine  several  criterions 
that  would  singly  be  insufficient,  is  here,  as  in  so  many  other  cases, 
the  only  sure  help  towards  arriving  at  a  correct  decision. 

The  greatest  depth  of  the  underlying  trap,  from  its  lower  part 
being  generally  concealed,  it  is  impossible  to  ascertain.  It  is  obvious 
that  according  to  its  greater  or  less  development  the  plain  rises  into 
a  gentle  swell  or  increases  to  the  dimensions  of  a  hill.  Near  T^kli, 
at  the  spot  where  almost  all  the  fruits  have  been  discovered,  it  is 
only  a  few  inches  thick,  and  a  few  yards  from  that  locality  it  thins 
out  altogether ;  whereas  at  Sitdbaldi  Hill,  where  it  is  observed  to 
rest  on  sandstone,  it  attains  a  thickness  of  100  feet;  and  in  hills 
where  its  superposition  on  the  sedimentary  rock  cannot  be  seen  it 
must  be  a  great  deal  thicker. 

I  have  been  thus  minute  on  the  appearances  exhibited  by  the 
overlying  and  underlying  trap  and  the  deposit  enclosed  by  them,  in 
order  that  we  may  have  a  clear  idea  of  their  relation  to  each  other. 
The  conclusions  to  be  derived  from  my  description  I  need  scarcely 
indicate.  It  is  ^uite  evident,  that  before  either  of  the  volcanic  rocks 
was  poured  out  m  our  area  there  had  been  deposited  on  the  sand- 
stone a  stratum  which  must  have  been  at  least  six  feet  thick.  Over 
this  there  was  spread  a  molten  mass  of  lava,  which  hardened  the  sur- 
face of  the  stratum,  and  itself  cooled  into  a  flat  sheet  of  globular 
basalt  about  20  feet  thick.  After  a  period  of  repose  the  internal 
flres  again  become  active,  and  discharge  another  effusion,  which  in- 
sinuates itself  between  the  sandstone  and  the  superior  deposit ;  and 
accumulating  in  some  parts  more  than  in  others,  through  force  of 
tension  ruptures  the  superincumbent  mass,  tilting  up  the  stratum 
and  scattering  the  overlying  trap,  or  raising  both  stratum  and  trap 
above  the  level  of  the  plain,  either  leaves  it  a  flat-topped  hill,  or  with 
boiling  surge  pushes  up  its  summit  gradually  or  by  fitful  effort.  In 
these  convvdsions,  the  more  recent  trap,  where  it  has  not  tilted  up 
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the  deposit  altogether,  has  generally  encroached  upon  it,  entangling 
some  of  its  fragments,  converting  the  greater  portion  of  it  into  a 
crumbling  vesicular  rock,  or  producing  miniature  outliers  of  amyg- 
daloid from  materials  susceptible  of  the  change. 

[Fossils. — As  the  detailed  description  of  the  fossils  of  this  Tertiary 
formation  and  of  the  older  Sandstone  series  will  form  the  subject  of 
Part  II.  of  this  Memoir,  and  be  published  hereafter,  the  fossils  of 
the  fresh-water  deposit  are  here  merely  referred  to  in  short. 

From  the  collections  made  bj  Messrs.  Hislop  and  Hunter  and 
their  friends  from  this  deposit*,  the  authors  mention  the  foUovnng 
organic  remains : — 

Small  bones,  probably  reptilian. 

Remains  of  a  freshwater  tortoise. 

Fish-scales,  both  Cycloid  and  (ranoid,  in  great  numbers. 

Insects,  found  at  Tikli :  Mr.  Hunter  enumerates  about  ten  species 
of  Coleoptera. 

Entomostracans ;  five  or  six  species  of  CyprU. 

Mollusca,  land  and  freshwater,  in  great  numbers.  The  following 
genera  are  enumerated : — 

Bulimus.  Melania.  Limneus. 

Succinea.  Paludina.  Unio. 

Physa.  Valvata. 

Plant-remains :  Mr.  Hunter  enumerates — 

Fruits  and  seeds,  about  fifty  species. 
Leaves,  exogenous,  six  forms. 

y  endogenous,  three  or  four. 

Stems,  exogenous,  few  species ;  some  specimens  6  feet  in  girth. 

,  endogenous. 

Roots,  six  or  seven  kinds. 
Chara,  seed-vessels. 

In  concluding  his  notice  of  the  Tertiary  insects  and  plants,  Mr. 
Hunter  observes : — 

Before  quitting  this  part  of  the  subject,  it  may  be  observed,  that 
it  would  not  be  difficult  to  conceive  with  some  degree  of  accuracy 
the  nature  of  the  locality  in  which  the  fruits  grew.  Going  back  to 
the  tertiary  epoch,  we  find  Takli  part  of  a  lake,  extensive  enough 
to  be  bounded  at  least  on  the  west  and  south,  and  probably  on  all 
sides,  by  the  horizon.  We  assume  rather  than  can  demonstrate  the 
existence  of  islands,  which  break  the  uniformity  of  the  sea-like 
expanse  of  waters.  On  the  higher  land  of  these  are  forests,  mainly 
of  exogenous  trees,  some  approaching  6  feet  in  girth.  More  scattered, 
but  yet  sufficiently  numerous  to  attract  notice,  are  palms,  exhibiting 

*  An  extensive  series  of  organic  remains  and  of  rock-specimens  from  the  super- 
ficial deposits,  the  tertiary  heds,  the  fossiliferous  sandstone  and  shales,  and  from 
the  crystalline  rocks,  has  heen  presented  to  the  Society  by  the  Authors  of  thia 
memoir.    The  fossils,  however,  have  not  yet  been  ully  worked  oat. — Ed. 
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on  their  stems,  when  closely  examined,  protuberances  of  aerial  roots, 
similar  to  those  so  frequently  observed  on  the  Wild  Date  of  India. 
In  the  more  shady  valleys  are  legmninous  and  other  plants,  in  great 
variety  and  profusion ;  and  there  may  be  seen  occasionally  climbing 
by  numerous  tendrils  over  the  bushes,  a  cucurbitaceous  plant  allied 
to  the  Luffa^  its  tender  stalk  weighed  down  by  a  ponderous  and 
probably  10-angled  fruit.  The  Nipadites  here  and  there  fringes  the 
marshy  shores ;  and  wherever  the  water  is  shallow  there  rise  above  it 
the  reedy  peduncles  of  Aroid  plants,  terminated  at  one  season  of  the 
year  by  spikes  of  flowers,  and  at  another  either  by  long  succulent 
purple  fruit,  resembling  mulberries,  or  by  large  pericarps,  that  without 
minute  examination  might  be  mistaken  for  cones.] 

Age  of  the  Freshwater  Deposit. — It  has  already  been  shown  by 
my  esteemed  colleague,  in  his  concluding  observations  on  the  tertiary 
plants  (see  above),  that  the  body  of  water  in  which  the  strata  containing 
the  above-enumerated  fossils  were  deposited  must  have  been  a  lake. 
I  shall  now  inquire  at  what  period  that  lake  existed.  The  determina- 
tion of  this  question  is  attended  with  peculiar  difficulties.  In  a 
temperate  climate  like  Britain,  the  discovery  of  a  large  number  of 
organisms  fitted  for  a  tropical  abode  at  once  demonstrates  that  the 
rock  in  which  they  occur  cannot  have  been  deposited  subsequently  to 
a  remote  tertiary  period.  Here,  however,  where  we  have  a  tropical 
heat  at  the  present  day,  the  evidence  derived  from  such  a  source  is 
much  more  equivocal. 

Still  I  think  there  are  sufficient  dissimilarities  between  our  recent 
and  fossil  floras  to  prove  the  great  antiquity  of  the  latter.  While 
there  is  a  general  resemblance  between  the  two,  inasmuch  as  Hedy^ 
saretXy  Cassia^  Luffa^  and  Nipa  are  comprehended  in  both,  there 
may  be  remarked  on  the  other  hand  the  total  extinction  of  two 
genera,  if  not  an  order  of  endogenous  plants,  that  once  flourished 
luxuriantly  here, — I  refer  to  the  mulberry-like  and  strobiliform  fruitsV~~ 
which,  though  formerly  so  abundant,  have  at  present  no  representa- 
tive either  in  India,  or  so  far  as  I  know,  throughout  the  world.  We 
must  therefore  direct  our  thoughts  to  some  period  comparatively 
remote,  when  there  was  a  greater  uniformity  of  temperature  over  all 
parts  of  the  earth.  Of  the  more  ancient  tertiary  floras,  none  corre- 
sponds with  ours  so  well  as  that  of  the  London  Clay  of  Sheppey  and 
Belgium.  In  both  of  these  localities  we  find  Nipadites,  and  in  the 
former  also  the  Xylinosprionites  and  Tricarpellites  of  Bowerbank, 
fruits  apparently  allied  to  those  found  at  Ndgpur. 

Of  all  the  animal  remains  we  have  collected,  scarcely  one  seems  to 
be  identical  with  forms  now  existing  on  the  surface  of  the  globe. 
The  nearest  approximation  to  specific  identity  is  in  one  of  the  Cy prides, 
and  in  the  mmute  discoid  Falvata ;  but  whether  the  identity  is  com- 
plete, I  am  not  competent  to  say.  Supposing,  however,  that  it  were 
proved  to  be  so,  this  fact  would  merely  show  that  of  all  the  living 
tribes  inhabiting  the  waters,  or  the  margin  of  our  old-world  lake,  not 
one  has  survived  in  India,  except  a  single  species  of  Cypris,  for  the 
Falvata  minuta  is  not  now  found  here,  nor  indeed  does  any  species 
of  that  genus  appear  to  occur  throughout  Asia.    But  with  these  most 
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dunmutive  exceptions,  if  exceptions  tbey  are  to  be  called,  the  state- 
ment holds  good  that  between  our  ancient  and  our  modem  fauna  the 
agreement  is  not  closer  than  generic.  In  the  class  of  fishes,  the 
resemblance  even  to  that  extent  is  true  only  of  one  order, — the 
Cjcloidans ;  while  the  other  order,  the  Granoidans,  which  have  left 
their  homy  and  bony  scales  so  abundantly  in  our  rocks,  have  entirely 
disappeared  from  our  rivers  and  tanks.  Of  the  class  Mollusca,  while 
the  genera  PlanorbU  and  Jmpullaria,  now  so  common  in  our  pools, 
are  altogether  absent  from  this  deposit,  Valvata  and  Physa,  so 
extensively  represented  in  it,  both  in  species  and  individuals,  have 
disappeared  from  the  plains  of  Central  and  Southern  India.  Of  the 
six  genera  Melania,  Paludina,  Limnaus,  Bulimus,  Succinea,  and 
Unto,  which  are  common  to  both  ancient  and  modem  India,  the 
diiferences  between  the  recent  and  fossil  species,  especially  in  the 
Paludina  and  Limruims,  are  very  great.  Of  the  former,  we  have 
nothing  at  all  so  large  as  the  P.  BengalensU  of  the  East,  or  even  the 
P.  vivipara  of  Britain.  In  the  latter  genus,  none  of  our  species 
appear  to  have  belonged  to  the  inflated  t3rpe,  but  they  are  generally 
more  on  the  model  of  the  L.  glaher,  than  that  of  tne  L.  stagtiaUa 
of  our  native  country. 

Ck)mbining  then  these  facts,  on  the  one  hand  we  have  the  total 
dissimilarity  between  every  species  of  our  ancient  and  modem  plants, 
— ^the  disappearance  from  our  flora  of  several  genera,  if  not  of  some- 
thine  higher — ^the  difference  in  prevailing  type  between  some  of  our 
fossil  and  existing  genera  of  molluscs,  and  the  removal  of  others 
entirely  from  our  continents  to  regions  most  remote, — and  lastly,  a 
still  more  decided  transference  among  the  orders  of  our  fishes, — data, 
which  all  point  to  the  negative  conclusion,  that  it  is  no  newer  tertiary 
that  can  be  compared  with  our  freshwater  deposit.  On  the  other 
hand  we  find  generically,  specifically,  and  individually  an  equality,  to 
say  the  least,  between  our  Ganoid  and  Cycloid  fishes,  and  a  resem- 
blance between  our  flora  and  that  of  the  London  Clay, — ^proofs  which, 
in  my  opinion,  lead  us  on  to  the  positive  inference  that  among  older 
tertiaries  the  eocene  formation  is  that  with  which  our  freshwater 
deposit  must  be  classed.  Bronn,  I  perceive,  assigned  it  to  the  era 
of  the  continental  molasse.  Whether  or  not  the  statements  above 
made  will  be  sufficient  to  show  that  this  view  is  incorrect,  it  is  not 
for  me  to  say ;  at  all  events,  the  fossils,  which  we  have  contributed, 
will  enable  others  to  decide. 

Extent  of  the  Freshwater  Formation, — The  extent  of  this  tertiary 
freshwater  formation  throughout  India  is  very  great.  In  Capt.  Sher- 
will's  recently  published  Geological  Map  we  find  it  laid  down  on  thewest 
of  Rajmahal  on  the  Ganges.  Following  the  same  parallel  of  latitude^ 
we  come  to  Rae  near  Narwar,  about  forty  miles  south  of  Gwaliur, 
whence  specimens  of  Physa  were  obtained  by  Mr.  Eraser,  formerly 
Agent  to  the  Governor  General  in  the  S^r  and  Narbadda  territories. 
At  Sdgar  itself  organic  remains  were  first  discovered  by  Col.  Sleeman, 
afterwards  described  by  Dr.  Spry,  and  more  recently  investigated  by 
Capt.  W.  T.  Nicholls  of  24th  Regt.  M.N.I.  East  of  Jabbalpur, 
in  the  same  territories,  occur  the  sites  Suleya,  where  Dr.  Spilsbury 


Digitized  by 


Google 


HISLOP  AND  HUNTER— NAGPUR.  363 

procured  Physa  m  1833,  Dhunra  in  the  same  vicinity,  Narayanpur 
near  Sohajpur,  Mandla,  and  Pbulsaear,  on  the  north  bank  of  the  Nar- 
badd^  and  as  far  up  the  river  as  Mohtura  and  Domadadar,  in  the 
Ramga^^  Raja's  country, — at  all  of  which  localities  the  same  in- 
de&tigable  and  successful  geologist  found  shells,  including  an  abun- 
dance of  Physa^  several  specimens  of  Unto,  and,  if  I  may  judge  from 
the  figures,  of  Limnaus  and  Falvata,  None  of  them,  however,  are 
named*.  North  of  the  Narbaddd,  near  Mandla,  univalve  and  bivalve 
shells  abound  in  the  marls  and  earthy  limestone,  as  we  learn  from 
Capt.  Dangerfield,  who  styles  them  "  Bnccinum  and  a  species  of 
Mussel "  (Physa  and  Unio  1)  f.  Leaving  the  Narbadda,  and  coming 
to  the  Tapti,  near  its  source,  we  find  that  Voysey,  as  has  been  men- 
tioned by  Malcolmson,  in  his  memoir  on  this  deposit,  discovered 
shells,  which  he  named  **  Conus  and  Voluta  "  (two  forms  of  Phyaa  ?), 
at  Jirpa  and  Jillan,  which  lie  apparently  on  the  north  of  the  Grawilgaii 
range  ^.  On  the  S.  of  the  same  chain  of  hills  near  £lichpur,  are 
Muktagiri  and  Bairam,  whence  Dr.  Bradley  procured  the  excellent 
specimens  of  Phvsa  and  Unio,  which  I  had  the  pleasure  of  sending 
to  the  Geological  Society.  Retuming  to  Jirpa,  we  enter  the  district 
of  Betdl,  about  100  miles  N.W.  of  Ndgpur,  which  was  explored  by 
Capt.  Ousley,  who  found  shells  at  Chichundra  and  Murkha  on  the 
£.  of  the  town,  at  Bhxtkkwkdk,  Bheiawaia  and  Jaward  on  the  S., 
and  at  Badori,  Kolgau,  Gaikh&m  and  Bakur,  on  the  S.W.  Passing 
over  the  locaUties  within  the  State  of  Ndgpur,  to  which  sufficient 
reference  has  been  made  in  the  previous  part  of  this  paper,  we  arrive 
at  the  district  north  of  Hyderabad,  where,  I  am  informed  by  a  friend, 
PkyMB  have  been  extracted  from  one  of  the  banks  of  the  Gfodiveri  at 
N&dur,  and  where  also  fossils  were  discovered  near  Hatniir  and 
Mandr  by  Malcolmson,  and  at  Medkond4,  Shiwalingapd,  and  Deglur 
by  Voysejr,  who  as  early  as  1819,  when  organic  remains  were  almost 
unknown  in  India,  met  at  these  localities  with  shells,  including,  as  he 
thought,  "  Turbo,  Cyclostoma,  Bnccinum,  Hehx,  and  Turritella," 
some  of  which  may  be  identified  as  Physa  and  Falvata,  Not  far 
from  Deglur,  on  the  S.  side  of  the  Manjard,  Capt.  Newbold  obtained 
specimens  of  Physa  at  Munapilli§,  and  asain  from  between  Kulkonda 
and  Dig^,  on  the  banks  of  the  Bhima,  he  was  presented  with  sped- 
mens  of  Paludina  deceanensis  by  Capt.  Windham.  These  are  all 
the  fossiliferons  localities  for  our  tertiary  formation  with  which  I 
have  become  acquainted,  with  the  exception  of  Bombay,  and  Pad- 
pangali  near  Rajamundry,  afterwards  to  be  more  particularly  noticed. 
But  besides  these,  there  are  many  places  where  the  same  deposit 
occurs  destitute  of  organic  remains.  For  example,  my  friend  Mr. 
Hunter  and  myself,  on  a  mission  tour,  traced  it  almost  without  in- 
terruption ^m  the  vicinity  of  N^gpur,  where  the  fossils  cease,  west- 
ward to  Elichpur,  a  distance  of  100  miles  and  upwards ;  and,  while 
the  material  of  the  rock  was  sometimes  a  whitish  lime,  and  at  others 

*  Bengal  As.  Soc.  Joiirn.  vol.  viii  p.  708. 
t  Malcolmson*s  Central  India,  vol.  ii.  p.  329. 
X  Trans.  Geol.  Soc.  2nd  ser.  vol.  v.  pp.  570-1. 
§  Bengal  As.  Soc.  Jonm.  vol.  xiii.  p.  987. 
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a  green  or  a  red  clay,  we  were  uniformly  unsuccessful  in  finding  ia 
it  any  kind  of  fossils.     Similar  differences  are  exhibited  in  the  un- 
fossiliferous  stratum  around  Shiwani.     At  Garhdkot^  near  Siigar, 
thence  to  Tendukheda  on  the  Narbaddd,  wherever  Major  Franklin 
met  with  trap,  he  "  always  found  it  in  association  with  earthy  lime- 
stone*.'*    The  experience  of  Capt.  Dangerfield  regarding  its  position 
was  somewhat  different,  he  having  met  with  it  in  certain  parts  of 
Malwa,  as  "a  thin  bed  of  loose  marl,  or  coarse  earthy  limestone," 
<^near  the  bottom  of  the  small  hills  and  banks  of  the  rivulets  f." 
The  country  between  the  Wardh£  and  the  trap  region  described  by 
Col.  Sykes  has  not  been  examined  by  any  geologist,  so  that  no'  site 
can  be  named  in  it  for  lacustrine  formation  except  JUnk ;  but  I 
remember  noticing  it  on  my  first  arrival  in  India,  nine  years  ago,  at 
many  localities,  though  I  have  now  forgotten  their  names.     But 
when  we  come  to  the  scene  of  Col.  Sykes' s  efficient  labours  {,  we  can 
trace  it  almost  everywhere  under  the  name  either  of  *'  ferruginous 
clay,"  or  "  pulverulent  limestone."     The  stratum  of  "  red  ochreous 
rock,"  varying  in  thickness  from  an  inch  to  many  feet,  and  in  texture 
from  friable  to  compact  earthy  jasper,  occurs  at  Nandur  and  Jihur 
near  Ahmednagar ;  at  Kothul ;   in  the  scarps  of  the  hill  part  of 
Harichandarga^^,  and  a  mountain  near  Junir ;  and  at  Sirur,  Wangi» 
and  Barloni,  between  which  two  last-mentioned  places  the  bed  is 
believed  to  be  continuous.     Finally  it  occurs  abundantly  on  the 
Ghats,  frequently  discolouring  the  rivulets,  and  giving  a  ferruginous 
character  to  the  soil,  over  a  considerable  area§.     Pulverulent  lime- 
stone is  generally  found  in  layers,  varying  from  an  inch  to  three  feet 
in  thickness,  and  covered  by  a  few  feet  of  black  earth.     Examples 
of  it  are  met  with  at  Jib  and  Islampur  near  Ahmednagar ;  at  Kar- 
kamb  and  at  Salseh,  ten  miles  S.  of  the  fortress  of  Karmalilj. 
Crystalline  limestone,  which  occurs  as  an  imbedded  mineral  in  amyg- 
daloid%  and  "great  masses  of  mesotype**,"  which  are  found  in 
a  similar  position,  seem  to  me,  if  I  may  judge  from  the  analogy  of 
the  district  of  N&gpur,  to  be  instances  of  our  formation  somewhat 
transformed.   The  ochreous  rock  or  ferruginous  clay  above  mentioned 
was  discovered  by  Newbold  at  Sindaghi,  m  the  Southern  Mar^tha 
country,  which  lies  south  of  Col.  Sykes' s  district,  and  it  was  described 
by  him  as  "  finely  laminated  bright  red  bole,"  from  3  to  6  feet  thickft- 
And  this  is  most  probably  the  origin  of  the  "red  clay,"  which 
Newbold  on  analvsis  found  to  be  the  basis  of  the  amygdaloid  in  which 
zeolitic  crystals  abound  ^^. 

The  strata  of  Bombay  have  been  described  in  an  able  and  luminous 
manner  by  H.  J.  Carter,  Esq.,  of  the  Bombay  Medical  Service  §§.  In 
thickness  they  greatly  surpass  anything  we  meet  with  in  Central 
India,  reaching  to  between  40  and  50  feet,  and  they  are  peculiar  in 

*  As.  Researches,  vol.  xviii.  pi.  1.  p.  33.  t  Malcolmson,  vol.  iL  p.  328. 

t  Geol.  Trans.  2nd  ser.  vol.  iv.  §  Ibid.  p.  419. 

II  Ibid.  p.  420.  %  Ibid.  p.  421.  *»  Ibid.  p.  425. 

ft  Royal  As.  Soc.  Journ.  vol.  ix.  p.  33.  Xt  I^id.  p.  35. 
§§  Bomb.  Br.  R.  As.  Soc.  Journ.  vol.  iv. 
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having  a  little  carbonaceous  matter  covering  some  of  the  vegetable 
remains.  The  fossils  themselves,  however,  whether  animal  or 
vegetable,  bear  a  remarkable  resemblance  to  those  which  have  been 
brought  to  light  at  Nagpur.  Thus  we  find  among  them  a  fresh- 
water tortoise, — the  elytra  of  insects, — an  abundance  of  Cyprides,  one 
species  of  which  appears  to  correspond  with  the  C,  cylifidrica  (Sow.), 
first  found  by  Malcolmsou, — a  few  indistinct  impressions  of  shells 
like  MelaniOy — fruits  and  seeds,  though  not  of  tne  same  eenera  as 
ours, — ensiform'  endogenous  leaves,  like  the  Nagpur  specimens, — 
cormiform  roots,  which  diifer  from  ours  only  in  being  larger, — and 
an  abundance  of  dicotyledonous  wood. 

At  Pddpangali  or  Pang&di  near  Rajamundry,  not  far  from  the 
mouth  of  the  Goddvari,  there  are  found  some  outlying  trap  hills, 
which  Gen.  Cullen  pointed  out  to  Dr.  Benza  as  fossiliferous.  That 
gentleman  visited  the  place,  and  described  one  of  the  eminences  as 
consisting  at  its  base  of  sandstone,  which  is  overlaid  bv  amygdaloid 
veined  with  jasper,  then  a  limestone  deposit  with  fossils,  and  finally 
a  sheet  of  basalt.  The  fossils  were  stated  by  Dr.  Benza  to  be  partly 
marine,  and  partly  freshwater ;  but,  as  his  statement  was  made  at  a 
time  when  not  much  attention  was  paid  to  the  distinction  between 
these  two  classes  of  shells,  it  was  supposed  that  it  might  be  incorrect. 
I  confess  that  I  myself  was  guilty  of  this  wrong  to  the  memory  of 
an  able  geologist.  However,  I  took  steps  to  discover  the  truth,  and 
through  my  friend  Lieut.  Stoddart,  employed  in  connection  with  the 
God^vari  public  works,  I  have  ascertained,  I  am  happy  to  say,  that 
Dr.  Benza  is  substantially  right.  His  Oysters  were  real  oysters, 
though  his  ''  AmpuUarise  "  most  probably  belonged  to  some  species 
of  Phyaa.  "  On  only  one  of  these  hills,*'  says  my  inteUigent  in- 
formant, "  could  I  find  any  Oysters ;  but  there,  I  must  say,  they 
were  as  plentiful  as  stones."  At  the  foot  of  a  hill  opposite  to  this, 
Mr.  Stoddart  found  several  kinds  of  shells,  and  among  them  a  Phyaa 
identical  with  a  species  common  around  N&gpur,  which  was  in  the 
same  block  with  a  Chemnitzia.  There  seems  to  be  a  great  variety  of 
molluscous  remains  at  this  locality,  and  it  would  well  deserve  a 
longer  investigation  than  my  kind  friend  was  able  to  give  it  *. 

Here  then  we  have  the  best  proof  which  similarity  of  position  and 
specific  identity  of  contained  fossils  can  afford,  that  the  deposit 
enclosed  in  trap  at  P^pangali  is  properly  contemporaneous  with  our 
freshwater  deposit  in  Central  India,  although  a  majority  of  its 
organisms  are  truly  marine.  It  is  evident  that  it  was  here  our  great 
collection  of  fresh  water,  stretching  either  in  one  continuous  sheet  or 
interruptedly  a  distance  of  1050  miles,  in  a  direct  line  from  Rajmahal 
to  Bombay,  and  of  660  miles  from  N.  to  the  neighbourhood  of  P4d- 
pangali,  discharged  itself  by  an  estuary  into  the  sea.  Whether  this 
great  expanse  of  freshwater  was  one  or  many  lakes,  cannot  now  be 
determined,  in  consequence  of  the  disappearance  of  trap  from  many 
situations  where  once  it  must  have  existed,  but  I  am  persuaded  that 
the  more  careful  the  exploration  made  in  the  great  basaltic  region 

*  A  small  series  of  fossils  from  P&dapaxigali  sent  by  the  authors  com^irises 
Chtrtaj  Cttrdhtm,  Vemta,  Chemnitzia,  and  Nerinaa  ?— Eo. 
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of  Western  India,  the  more  eyident  it  will  become  that  the  intervals 
between  the  lakes,  if  any  there  were,  moat  have  been  exceedingly 
small.  This  was  the  conviction  left  on  my  mind  by  travelling  from 
N&gpur  to  Elicbpur,  and  this  I  think  will  be  the  feeling  produced  in 
the  mind  of  any  one,  by  taking  a  glance  on  a  map  at  any  district, 
like  Col.  Sykes  s,  that  has  been  surveyed,  even  without  a  reference 
to  a  lacustrine  deposit. 

MineraU  in  the  Trap, — I  ought  now  to  describe  the  minerals 
contained  in  our  overlying  and  underlying  trap ;  but  this  has  been 
so  well  done  by  Voysey,  in  his  remarks  on  the  structure  of  Sitabaidi 
Hill*,  that  it  is  unnecessary.  One  of  the  most  common  in  the 
locality  just  named,  though  elsewhere  rare,  is  a  pitchy  black  sub- 
stance, with  a  sloe-like  bloom  upon  it,  lining  the  amygdaloidal 
cavities.  This  Voysey  appears  to  have  called  "  Conchoidal  augite : " 
my  friend  Dr.  Carter  supposes  it  obsidian.  It  occurs  in  bands  lying 
one  above  another,  which  may  be  followed  to  a  great  distance  in  a 
horizontal  direction.  The  intermediate  spaces  seem  as  if  they  had 
been  successive  effluxes  of  volcanic  matter,  running  along  beneath  the 
freshwater  deposit,  and  then  under  one  another,  each  efflux  being 
united  or  welded  to  the  preceding  one  by  a  vesicular  belt.  Many  of 
the  minerals  that  are  met  with  in  the  amygdaloid  are  derived  from 
the  tertiary  strata.  This  is  particularly  the  case  with  jasper,  the 
veins  of  which,  as  may  be  learned  from  Benza*s  description  of  P4d- 
pangali  Hill,  and  as  we  perceive  in  numerous  places  in  this  vicinity, 
are  situated  just  at  the  zone  of  the  vesicular  trap's  intrusion  on  the 
superior  deposit.  Sometimes  instead  of  being  jaspidified,  the  en- 
tangled parts  of  the  strata  are  converted  into  cnert,  at  other  times 
they  are  crystallized  into  ponderous  masses  of  mesotype.  In  one 
locality  the  calcareous  matter  is  diffused  as  strings  all  through  the 
amygdaloid,  forming  seams  of  kankar,  like  those  represented  by 
Newboldf ;  in  another  they  are  scarcely  enclosed  within  its  substance, 
but  remain  in  blocks  at  the  lower  part  of  the  deposit,  which  are 
compact  externally,  but  in  the  interior,  where  the  heat  has  continued 
longest,  are  found  to  be  an  aggregation  of  crystals. 

On  the  plain  south  of  GiSa</  Hill  there  is  lying  about  a  great 
abundance  of  spherical  nodules,  which  on  being  broken  up  exhibit  a 
structure  radiating  from  a  central  point,  so  that  they  have  been 
mistaken  for  AlcyonitesX.  The  fakirs,  who  have  located  themselves 
on  the  top  of  the  eminence,  have  adroitly  taken  advantage  of  this 
natural  phsenomenon  to  exalt  the  name  of  the  saint  whose  disciples 
they  profess  to  be.  These  nodules,  according  to  them,  are  so  many 
fruits  and  spices  of  different  sorts,  which  Shek  Farid  converted  into 
stone,  the  largest  having  once  been  cocoa-nuts,  the  middle-sized 
betel-nuts  {Areea),  and  the  smallest  nutmegs.  There  is  a  resemblance 
of  the  nodules  to  the  last  two  natural  productions  ;  but,  as  all  alike 
display  an  acicular  crystallization,  it  is  difficult  to  trace  the  similarity 
of  the  largest  to  the  fruit  of  the  cocoa.     Much  light  must  be  intro- 

*  As.  Res.  vol.  xviii.  p.  123. 

t  R.  As.  Soc.  Journ.  vol.  ix.  p.  33. 

t  Journ.  Beng.  Asiat.  Soc.  voL  ix.  p.  625. 
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duced  into  this  land  before  the  mhabitantg  shall  be  convinced  of  the 
fiedsehood  of  the  alleged  miracle,  and  shall  be  able  to  understand 
that  the  seeming  organisms  are  simple  zeolitic  concretions  that  have 
issued  from  the  soft  subjacent  rock.  Nodules  of  the  same  shape  are 
found  in  the  same  formation  at  Sonegaum,  near  Ealmeshwar,  fifteen 
miles  N.W.  of  N4gpur,  but,  being  purely  calcareous,  their  interior 
consists  of  a  confused  mass  of  rhombic  crystals. 

The  Age  of  the  Trap, — Beginning  with  the  more  recent,  as  we 
have  done  in  regard  to  the  stratified  rocks,  we  find  that  the  amyg- 
daloid or  underlying  trap  has  not  only  invaded  the  tertiary  forma- 
tion, but  broken  it  up,  and  along  with  it  the  nodular  basalt,  by  which 
it  is  capped.  The  amygdaloid  eruption,  then,  is  incontestably  sub- 
seqaent  to  the  basaltic.  But  what  age  is  to  be  assigned  to  the  latter  ? 
It  is  evidently  posterior  to  the  freshwater  beds  on  which  it  rests. 
We  have  thus  an  overlying  effusion  of  nodular  basalt,  which  has 
taken  place  after  the  tertiary  strata,  and  an  underlying  intrusion  of 
amygdaloidal  trap,  which  has  occurred  after  the  basaltic  effusion. 
Besides  these  two  formations  of  trap,  I  know  of  no  others  in  Central 
India,  either  more  modem  or  more  ancient.  Capt.  now  Col.  Grant, 
in  his  paper  on  the  Geology  of  Cutch*,  and  Dr.  Carter,  in  his 
memoir  on  the  Geolosy  of  Bombay  before  quoted,  have  adduced 
ample  proofs  to  show  that  in  the  districts  which  they  have  examined, 
there  have  been  eruptions  of  volcanic  matter  subsequent  to  the 
amygdaloid ;  but  in  all  the  district  through  which  my  colleague  and 
myself  have  been  called  to  travel,  no  trap  formation  so  modem  has 
fallen  under  our  observation.  Nor  has  any  more  ancient  than  the 
overlying  trap  been  discovered.  It  nught  be  thought  from  the 
occurrence  of  isolated  pieces  of  trap  in  the  lower  part  of  our  fresh- 
water strata,  that  while  these  were  being  deposited,  there  were  sheets 
of  volcanic  rock  already  on  the  surface  of  Central  India.  But  it 
appears  to  me  that  there  are  no  such  fragments  whose  existence  may 
not  be  accounted  for  on  the  principle  explained  by  Lyell  in  his 
*  Manual,'  4th  edition,  p.  446,  and  stated  in  a  preceding  page  of  this 
paper.  Besides  at  Bok^a,  and  some  parts  of  Tdkli  plain,  where  the 
amygdaloid  has  not  been  intercalated  under  our  tertiary  formation  at 
all,  but  where  the  latter,  with  its  characteristic  fossils,  rests  imme- 
diately and  confonnably  on  the  sandstone,  there  is  not  a  trace  of 
volcanic  matter  to  be  seen.  I  am  inclined  therefore  to  doubt  the 
occurrence  of  any  trap  in  Central  India  older  than  our  lacustrine 
deposit.  In  the  southem  portion  of  the  Rajmahal  Hills,  M'Clellandf 
informs  us  that  amygdaloid  is  found  underlying  the  coal-strata  of 
that  district.  The  coal  there  is  manifestly  the  usual  so-called  oolitic 
coal  of  India,  and  therefore  we  have  amvgdaloid  disturbing  the  Juras- 
sic formation.  But,  if  a  stranger  to  the  locality  may  be  allowed  to 
express  an  opinion,  I  would  respectfully  submit  that  the  position  of 
the  amygdaloid  is  not  conclusive  against  its  comparatively  modem 
origin.  It  is  obvious  that  the  most  recent  age  attributable  to  an 
intmded  rock,  such  as  it  is,  cannot  be  exactly  determined  by  ob- 

♦  Trans.  Geol.  Soc.  2nd  Ser.  vol.  v. 

t  Report  Geol.  Survey  of  India,  Season  1848-9.   Calcutta  1850. 
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serviDg  what  strata  it  has  disturbed  m  one  district ;  for  it  may  have 
invaded  an  older  formation  in  one  locality^  and  yet,  rising  higher,  it 
may  have  broken  in  upon  a  newer  formation  in  another  place ;  or, 
applying  the  principle  to  the  case  in  hand,  the  very  same  amygdaloid 
which  M'Clelland  calls  secondary  trap,  because  it  has  been  erupted 
among  the  oolitic  strata  of  Rajmahal,  may  be  tertiary  trap  here,  if  it 
is,  as  I  believe,  the  identical  effusion  which  has  been  intercsJated 
between  the  oolitic  and  tertiary  formations  of  Nagpur.  But  for  the 
conclusive  determination  of  this  question,  the  district  of  Rajmahal 
with  a  tertiary  formation  found  in  connection  with  trap  in  its  northern 
part,  and  Jurassic  strata  associated  with  trap  in  its  southern  part, 
presents  the  most  befitting  arena.  • 

Mode  of  its  Eruption, — Before  leaving  the  volcanic  rocks,  it  is 
desirable  to  indicate  the  lessons  which  Central  India  teaches  as  to 
the  manner  in  which  they  were  formed.  Now  the  first  thing  which 
strikes  any  observer  of  the  great  basaltic  field  of  this  country  is  the 
comparative  absence  of  all  cones  or  craters  throughout.  I  cannot 
name  a  spot  in  all  the  tract  with  which  I  am  acquainted,  where  I 
could  say  either  the  nodular  basalt  or  the  amygdaloid  came  up  from 
below.  The  nodular  basalt  seems  to  have  flowed  along  for  immense 
distances,  filling  up  the  tertiary  lake,  and  leaving  an  arid  plain  in  its 
rear.  Then  the  amygdaloid  inserting  itself  between  the  sandstone 
and  the  freshwater  bed  seems  to  have  flowed  generally  undergroiuid 
on  the  same  scale  of  grandeur.  Sit&baldi  Hill,  which  is  almost  an 
outlier  of  the  great  basaltic  region  of  Western  India,  being  connected 
with  it  by  a  very  narrow  neck,  would  be  a  favourable  place  for 
ascertaining  whether  the  underlying  trap,  which  has  there  accumu- 
lated under  the  tertiary  deposit  to  a  considerable  thickness,  has 
been  forced  up  vertically  through  the  gneiss  and  sandstone,  which 
appear  around  the  base  of  the  hill  to  be  inferior  to  it,  or  whether  it 
has  been  horizontally  intercalated,  as  in  the  generality  of  places, 
between  the  sandstone  and  the  tertiary.  I  am  disposed  to  take  the 
latter  view ;  but,  if  the  government  quarry  were  only  excavated  a  few 
feet  lower,  as  Voysey  long  ago  suggested,  it  would  put  an  end  to  all 
doubt. 

From  the  statements  previously  advanced  regarding  the  trappean 
rocks  of  Ndgpur,  taken  in  connection  with  the  same  formation  in 
other  parts  of  the  country,  it  is  obvious  there  is  no  foundation  what- 
ever for  the  supposition  that  the  great  outpouring  of  basalt  in  India 
took  place  in  the  ocean.  And,  although  I  believe  that  the  fresh- 
water in  which  it  really  was  efiused  must  have  stretched  over  great 
areas  without  much  interruption,  yet  the  discovery  in  the  tertiary 
strata  of  abundance  of  pulmoniferous  molluscs,  such  as  Limmeus  and 
Fhysa, — of  plants,  such  as  marsh-  or  shallow-loving Endogens,  buried 
with  their  roots  and  fruits  almost  entire  and  therefore  not  far  from 
the  spot  where  they  originallv  grew, — not  to  mention  the  occurrence 
of  an  amphibious  univalve  like  Succinea,  and  of  land-shells  like 
Bulimtu,  together  with  great  quantities  of  seeds  and  fruit  and  timber, 
the  spoils  of  the  neighbouring  ary  land, — plainly  shows  that  the  water 
in  that  part  of  the  lake  was  of  no  great  depth.     Indeed  it  seems 


Digitized  by 


Google 


HISLOP  AND  HUNTER — NAGPUR.  369 

obTious  that  in  places  not  a  few  the  water  of  the  lake  must  have  been 
M>  shallow  as  to  allow  the  igneous  rock  which  was  poured  out  over 
its  bottom  to  rise  above  its  surface  into  the  atmosphere.  We  must 
resort  then  to  some  other  hypothesis  than  aqueous  pressure  to  explain 
the  horizontalness  of  our  trappean-hill  tops,  and  a  cause  adeauate  to 
the  effect  is  the  well-known  law  by  which  the  surface  of  liquia  bodies 
ia  reduced  to  the  same  uniform  level.  To  this  law  volcanic  matter 
is  subject  in  spreading  over  an  area  either  of  land  or  water.  If  to 
this  it  be  objected,  that  then  we  should  expect  the  surface  of  the 
effusion  to  appear  scoriaceous  like  modem  lavas,  it  may  be  replied 
that  naturally  all  such  light  materials  in  the  lapse  of  ages  would  be 
worn  away. 

VII.  The  Sandstone  Formation, 

Under  the  amygdaloid,  or,  where  it  has  not  been  intercalated,  im- 
mediately under  the  tertiary  freshwater  strata,  is  found  an  extensive 
aeries  of  rocks  consisting  chiefly  of  arenaceous  beds. 

A.  The  upper  member  of  this  series  is  seen  at  the  foot  of  Sitdbaldi 
Hill,  passing  into  gneiss,  into  which  much  of  it,  as  well  as  most 
probably  all  the  lower  members,  have  been  converted.  Without 
enumerating  all  its  localities,  I  may  mention  that  a  good  section  of 
it  is  presented  by  a  rivulet  skirting  the  Lai  Bdg,  where  the  layer 
tinder  the  noduLur  trap  has  itself  been  rendered  distinctly  nodular. 
It  may  be  observed  in  the  western  division  of  the  city  of  N&gpur ; 
and  it  stretches  in  some  places  under  the  amygdaloid,  in  others  under 
the  tertiary  bed,  but  for  the  most  part  as  the  surface^rock,  through 
T&kli  plain  to  Bokh&rd.  At  N&gpur  and  in  T4kli  plain  the  strata 
are  of  friable  sand  intermixed  with  kankar,  and  variegated  with  a 
deep  irony-red  and  occasionally  a  purple  colour.  But  it  is  at 
Bokh4r&  where  we  can  understand  it  best.  In  one  of  the  quarries 
there  we  find  it  as  at  N%pur,  only  with  less  of  the  colouring  matter. 
Going  northward  to  anotner  quarry,  we  see  it  on  the  way  overlaid 
by  the  lacustrine  formation  before  described,  which  is  capped  by  a 
small  rise  of  nodular  trap.  Arrived  at  the  quarry,  which  is  only 
about  100  yards  from  the  first,  we  find  the  same  upper  member  of 
the  sandstone,  now  however  no  longer  soft  and  crumbling,  but  so 
hard  that  the  hand-millstones  of  the  country,  which  resemble  Scottish 
fuemg,  are  derived  from  it ;  and  the  ferruginous  matter,  instead  of 
being  diffused  as  blotches,  is  gathered  into  waving  iron-bands  more 
indurated  still.  At  this  place  these  upper  beds,  which  are  about 
25  feet  thick  and  very  coarse,  contain  angular  fragments  of  a  finer 
sandstone  which  lies  below.  Near  Bazargau  the  strata  where  exposed 
are  pierced  with  irreeular  holes,  which  seem  to  have  been  caused  by 
the  action  of  rain  and  the  atmosphere.  At  K^mpti,  situated  towarcb 
their  top,  and  rising  even  to  the  surface  through  the  soil,  are  im- 
bedded huge  blocks,  some  of  them  angular,  but  moat  of  them 
rounded  and  waterwom,  which  contain  almost  all  the  fossils  that 
have  been  procured  from  that  interesting  locality.  At  Silew&^4, 
towards  their  lower  part  there  occur  a  considerable  number  of  com- 
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pressed  stems  of  trees  in  situ,  one  of  which«  presenting  its  thin 
edge  in  the  side  of  a  quarry,  may  be  traced  for  about  20  feet.  A 
few  inches  farther  down  we  come  to  the  largest  of  the  iron-bands, 
which  consists  of  a  conglomerate,  about  6  inches  thick,  enclosing 
fragments  of  dicotyledonous  wood  converted  into  a  kind  of  jet  and 
impregnated  with  iron.  Ferruginous  bands  are  common  not  only  at 
Silew4cf4,  but  also  at  B4bulkhe^  and  Tondakheiri.  It  is  only,  how- 
ever, in  the  neighbourhood  of  Ch4nd&  that  any  one  of  them  has 
been  found  to  contain  wood  in  a  sihcified  state. 

B.  Underlying  the  iron-band  we  come  to  layers  of  a  much  finer 
kind,  consisting  of  argillaceous  sandstone,  varying  from  white  to 
yellow  and  pink,  and  generally  containing  specks  of  mica.  These 
strata,  which  are  used  for  pavement  and  carved  work,  extend  down- 
wards for  about  15  feet,  when  they  gradually  become  coarser  until 
they  are  suitable  for  millstones.  The  entire  depth  of  these  layers 
after  their  change  from  fine  to  coarse  has  not  been  ascertained. 
Dispersed  through  them,  as  we  saw  was  the  case  with  the  upper 
member,  are  occasional  angular  fragments,  so  that  it  is  difficult  to 
distinguish  hthologically  between  the  two,  except  that  the  inferior 
beds  always  contain  less  oxide  of  iron  than  the  superior. 

It  is  in  the  argillo-arenaceous  strata  that  we  have  met  with  nearly 
all  the  fossils  which  the  sandstone  of  Silew^u^  Bokh4r4,  Bdbulkhec/a, 
Bharatw^d,  Tondakheiri,  Bazargau,  Chorkheiri,  and  Chand4  has 
yielded;  and  there  is  every  reason  to  believe  that  the  imbedded 
blocks  of  Kampti  also,  which  have  furnished  so  many  vegetable 
remains,  were  originally  derived  from  them. 

Chorkheiri  and  Chandd  are  the  frirthest  limits  north  and  south 
from  which  I  have  procured  fossils  of  the  inferior  member  of  the 
sandstone ;  and  the  fact,  that  the  fossils  are  exactly  the  same,  in 
addition  to  a  resemblance  in  lithological  characters,  demonstrates 
that  the  strata  are  so  also. 

Between  these  two  extreme  points,  however,  under  an  outcrop  of 
coarse  sandstone  of  much  the  same  character  as  the  generaUty  of  our 
upper  beds,  except  that  it  is  not  coloured  by  iron  or  pervaded  by 
iron-bands,  there  are  found  at  M&ngali  and  its  neighbourhood  fossili- 
ferous  strata  applied  to  the  same  architectual  purposes  as  our  ordinary 
lower  strata,  though  they  differ  from  them  in  being  of  a  deep-red 
colour,  finer  and  more  sectile,  and  with  a  larger  admixture  of  day 
and  mica.  As  the  M&ngali  red  slaty  sandstone  contains  scarcely  any 
organic  remains  common  to  the  inferior  layers  about  N^ur,  it  is 
not  without  hesitation  that  I  include  it  under  the  present  head,  and 
arrange  its  fossils  along  with  those  of  the  more  typical  strata. 

[Fouils  of  B. — For  the  same  reasons  as  stated  above,  pr.  360,  in 
the  case  of  the  palaeontology  of  the  tertiary  deposits,  the  numerous 
fossils  of  this  division  of  the  sandstone  series  are  here  merely  men- 
tioned in  short,  their  detailed  description  being  deferred  until  the 
publication  of  Part  II.  of  this  Memoir. 

These  fine  and  coarse  argillaceous  sandstones,  rich  with  plant- 
remains,  have  afibrded, — 
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Labyrmthodont  Reptile'*'  (from  Mdngali). 

Fishes  ;  Small  jaws  and  ganoid  scales. 

Cnistaceans;  Estheria, 

Plant-remains. 

Fruit  and  seeds ;  numerous  and  undescribed. 

Leaves ;  Conifer,  Zamites,  Poacites,  and  Ferns  {Peeopteris,  Glos" 
wpteris,  Tieniopteris,  Cychpteris,  Sphenopteris). 

Stems  ;  exogenous  and  endogenous. 

Acrogens ;  Aphyllumj  Equisetites,  Phyllotheea,  Vertebraria.'] 

c.  Between  the  sandstone  quarries  at  Bokb^  and  Korb^di, 
granitic  rocks  have  lifted  to  the  surface,  with  a  dip  of  30°  to  S.W., 
a  series  of  red  shaly  beds  ;  and  between  these  and  Bokh&rd  another 
species  of  green  argillaceous  strata,  lying  somewhat  more  horizontal. 
The  relation  of  these  two  to  the  sandstone  beds,  from  the  absence  of 
an^  good  exposure,  I  have  not  been  able  to  ascertain ;  but  they 
would  appear  to  underlie  it.  Besides  the  locality  now  named,  these 
rocks  are  developed  in  the  district  north  of  Chdndi  ;  and,  as  I  have 
been  told  by  Mr.  Sankey,  the  green  shale  covers  an  extensive  tract 
of  country  near  Hardaga^f,  south  of  the  Mahddewa  Hills.  It  is 
probably  the  same  strata  that  are  found  to  lie  on  the  west  and  north 
of  the  Nawagaum  Lake,  and  to  cross  the  Rayepur  road  at  Mundipdr 
Ghit  and  at  Jamndpur,  near  Sdkorali.  The  red  shale  at  Korh^ 
has  yielded  the  following  organic  remains : — 

Fossils  of  c. — ^A  reptilian  footmark  of  one-third  of  an  inch  long, 
and  as  much  broad.  Three  or  four  specimens  have  been  obtained, 
each  exhibiting  only  one  print,  owing  to  the  brittleness  of  the  matrix. 
I  am  not  sure  that  all  the  impressions  are  of  the  same  kind. 

On  the  same  specimens  that  bear  these  footmarks  are  seen  the 
tracks  of  wormlike  animals.  That  the  animals  forming  these  tracks 
have  been  Annelids  resembling  Earth-worms  will  be  evident  to  any 
one  who  considers  the  appearance  of  the  furrows ;  the  way  in  which 
the  head  has  occasionally  been  pushed  forward,  and  then  vnthdrawn ; 
the  tubular  holes  by  which  the  ground  has  been  pierced,  and  the 
intestine-shaped  evacuations  which  have  been  left  on  the  surface. 
Fossil  worm-borings  have  been  found  in  the  green  shale  of  TadidU 
N.W.  of  Ch&nd4,  seventy  miles  S.  of  Ndgpur. 

The  only  vegetable  organism  which  has  been  discovered  in  the 
shale  is  a  sulcated  plant,  which  most  probably  belongs  to  the  genus 
PhyUotheea ;  but  as  a  sufficient  length  of  the  stem  has  not  been 
obtained  to  display  the  articulation,  its  precise  character  cannot  be 
fixed. 

D.  Immediately  below  the  red  shale  there  are  found  beds  of  white 
marble  at  Korhddi,  which  have  been  greatly  disturbed  and  dobmitized 
by  the  plutonic  rocks  above  referred  to.  Similar  strata,  but  pink 
and  blue,  occur  in  the  channel  of  the  Pech  at  Gokala,  a  little  aboye 
Parshiwani  ;  and  still  higher  up  at  Nawagaum  it  rises  into  a  chain 
of  eminences,  which  runs  thence  westward  to  Kumiri.  Following 
up  the  river  still  further,  on  its  right  bank  we  come  to  a  patch  of 

*  The  Braehyopt  laticept^  Owen ;  see  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  474 ; 
tnd  zi.  p.  37,  pi.  2. 
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the  same  crystalline  limestone  at  Dudhgaum,  where  it  is  in  the 
vicinity  of  trap.  To  the  east  of  this,  at  A'mbijiri  in  Ch&ndpur,  it 
occurs  again :  hut  there,  as  in  most  of  its  other  localities,  the  granite 
rises  to  the  surface  in  the  neighbourhood.  Limestone  is  found  also 
on  the  Lanji  Hills  at  Kunde  and  near  Bh&npur  to  the  east  of  Hatt4 ; 
but  whether  it  is  the  limestone  associated  with  sandstone,  or  just  a 
calcareous  phase  of  our  freshwater  tertiary  formation,  from  not  having 
visited  the  spot,  I  am  unable  to  decide.  It  seems  to  be  comparatively 
free  from  magnesia,  in  which  it  differs  from  the  generality  of  the 
strata  of  which  we  are  now  treating.  From  the  heat  to  which  these 
have  everywhere  in  our  area  been  subjected  in  the  process  of  dole- 
mitization,  we  need  not  expect  to  discover  in  them  any  organic  re- 
mains. Newbold  thought  that  he  had  found  in  certain  cherty  veins  of 
limestone  near  Kamdl  myriads  of  spherical  Forarainifera.  We  have 
also  veins  of  chert  in  theKorh^i  limestone,  which  exhibit  appearanees 
that  might  be  mistaken  for  the  same  objects,  but  they  do  not  seem 
to  be  really  organic.  The  minerals  most  abundant  in  the  dolomite 
are  tremolite  and  red  and  yellow  steatite,  which  last,  when  the  surface 
of  the  rock  is  weathered,  stands  out  in  little  prominences,  as  if  it 
were  a  species  of  lichen. 

The  whole  series  of  strata  which  we  have  designated  by  a,  b,  c,  o 
we  conceive  to  be  only  subdivisions  of  the  same  formation.  They 
have  been  disturbed  by  the  same  granitic  eruptions,  and,  where  fos- 
siliferous,  bear  a  general  resemblance  to  each  other  in  their  organic 
remains.  But  this  mutual  connection  is  more  apparent  when  we 
compare  the  series  within  our  area  with  strata  beyond  it.  From 
Mr.  Sankey  we  learn  that  the  sandstone  represented  in  the  north- 
west comer  of  our  map  is  succeeded  in  a  descending  order  at  ChoUL 
Barkoi  by  bituminous  shale  with  fossils  and  sandstone,  and  at  Bhuwan, 
at  the  foot  of  the  ascent  to  one  of  the  Mah£dewa  or  Pachma^A  UiUs. 
by  indurated  green  clay-stone  and  green  shale,  and  bituminous  shale 
with  fossils.  Again  below  the  sandstone  in  the  south-east  comer  of 
the  map,  as  we  are  informed  by  Dr.  Bell,  there  occur  alliaceous 
limestone,  bituminous  shale  with  fossils,  and  a  few  alternating  layers 
of  impure  limestone  and  bituminous  shale,  until  we  come  to  a  bed, 
eight  feet  thick,  of  laminated  sandstone,  &c.  Situated,  as  our 
sandstone  is,  between  these  two  extreme  points,  and  appearing  to 
be  a  bond  of  connection  between  them,  we  might  d  priori  expect 
that  the  intermediate  beds  would  be  of  the  same  age  as  those  at  the 
localities  on  either  side ;  and  this  opinion  is  confirmed  by  the  ap- 
pearance of  the  sandstone  near  N^ur,  which  shares  with  the  sand- 
stones of  the  Mahddewa  and  Kota  hills,  the  distinguishing  feature, 
first  noticed  in  this  neighbourhood,  of  being  pervaded  by  ferruginous 
septa.  These  dark-brown  stripes,  which  in  all  their  hardness  pro- 
trude from  the  weathered  surface  of  the  enclosing  rock,  will  be  found, 
wherever  they  occur,  a  very  good  criterion  for  judging  of  the  age  of 
the  sandstone.  But  besides  identity  in  the  arenaceous  beds  of  our 
whole  district,  we  can  trace  the  same  identity  between  the  subjacent 
strata  at  Ndgpur,  Pachma^i,  and  in  the  Hyderabad  country.     On 
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the  south  of  the  MahMewa  Hills  there  is  the  same  green  shale  as 
here  and  at  Tsdidi ;  and  at  Kot^  according  to  a  private  letter  with 
which  I  was  favoured  by  (the  late)  Dr.  Bell,  red  clay,  of  greater 
thickness  than  any  stratum  that  was  passed  through,  imderlies  the 
other  shales  which  he  has  enumerated  in  his  sections*:  and  in 
localities  farther  south,  Malcolmson  states  f  that  the  shales  on  which 
the  sandstone  rests  are  blue,  red,  green,  or  pure  white ;  by  which 
last-mentioned  rather  rare  colour  we  are  brought  in  mind  of  some  of 
the  strata  at  Mundipar.  And  as  we  are  told  by  Newbold  X>  the  sand- 
stone of  the  Eastern  Ghats  frequently  "  passes  into  red  and  green 
argillaceous  and  siliceous  slates  and  laminated  marls."  I  think  then, 
that,  though  inferring  the  identity  of  Nagpur  sandstone  with  that  of 
Southern  India  from  the  occurrence  of  diamonds  at  Weiragac?,  Mal- 
colmson's  statement  was  wrong  as  to  its  grounds,  yet  it  was  perfectly 
conrect  as  to  its  matter.  The  position  of  the  shale  in  reference  to  the 
hmestone  seems  to  vary.  At  Rorhadi  it  is  the  superior  rock.  Such 
also  is  its  position  at  Bangn^pilli  according  to  Malcolmson  §,  and 
generally  according  to  Newbold.  In  a  section,  however,  of  the  Pass 
at  Mudalaity,  given  by  the  latter  writer,  we  have  the  following  order : 
"compact  light-coloured  sandstone,  120  feet;  hmestone,  310  feet; 
shales,  50  feet;  laminar  and  massive  sandstone; — ^whereas  by  the 
section  obtained  by  Dr.  Bell||  we  find  sandstone,  from  50  to  500  feet, 
— argillaceous  Hmestone,  9  feet, — ^and,  after  various  unimportant 
argillaceous,  bituminous,  and  calcareous  strata,  in  all  4  feet,  limestone^ 
1  ft.  9  in.,  laminated  sandstone  and  shale,  8  feet,  and  argillaceous  &c. 
strata  as  before,  1 1  feet  8  inches,  we  come  to  limestone,  23  feet,  then 
argillaceous  and  calcareous  beds,  25  feet,  red  clay,  27  feet,  and  lime- 
stone." Here  it  would  appear  that  shale,  sandstone,  and  limestone 
are  interstratified. 

Tliough  there  is  no  great  development  of  carbonaceous  beds  in 
the  district  which  is  the  more  immediate  subject  of  this  paper,  yet 
I  should  regard  the  communication  as  incomplete  without  some 
notice  of  the  position  of  the  Indian  coal  in  reference  to  our  sandstone 
strata.  Bhuwan,  in  the  north-west  of  our  area,  at  the  foot  of  the 
Mah^dewa  Hills,  furnishes  us  with  a  common  term  of  comparison. 

[In  the  foregoing  observations  on  the  so-called  Jurassic  (or  plant- 
bearing)  formation  of  the  Nagpur  territory  the  authors  recognize 
four  members  in  the  following  descending  order : — a.  Thick-bedded, 
coarse,  ferruginous  sandstone,  with  a  few  stems  of  trees,  b.  Lami- 
nated sandstone,  exceedingly  rich  in  vegetable  remains,  c.  Clay 
shales  of  various  colours,  and  bearing  worm-tracks  and  foot-marks. 
D.  Limestone,  generally  altered  and  crystalline.  At  the  time  when 
this  memoir  was  written,  the  authors  thought  it  probable  that  the 
Bengal  coal-deposits  might  be  referable  to  the  shales  (c)  of  this 
series ;  but,  having  since  had  further  opportunities  of  personal  in- 

*  Quart.  Journ.  Gcol.  Soc.  vol.  viii.  p.  232. 

t  Trans.  Geol.  Soc.  2nd  ser.  vol.  v.  p.  543. 

t  Journ.  As.  Society,  vol.  viii.  p.  167* 

$  Malcolmson  ut  mpra^  p.  541. 

II  See  also  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  374 ,  and  no/e. 
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vestigation^  they  find  that  the  carbomferous  beds  of  Umret  and  the 
Mahadewa  Hills  are  true  representatives  of  the  Burdwan  coal  of 
Bengal,  and  are  referable,  not  to  the  Nagpur  shales  (c),  but  to  the 
Naepur  sandstone  with  plants  (b).  About  six  months  since  the 
authors  were  enabled  to  visit*  the  coal-bearing  deposits  at  Umret 
and  the  plant-beds  of  Bhuwan  at  the  foot  of  the  PachnuuA  or  Maha- 
dewa Hills,  120  miles  north  of  Nagpur,  some  notice  of  which  was 
given  to  the  Society  by  Lieut.  Sankeyf.  A  few  miles  north  of 
Umret  there  occurs  a  descending  aeries  of  sandstone,  coal,  ai^lla- 
ceous,  bituminous,  and  sandy  shales,  and  sandstone.  The  shales  here 
represent  the  plant-bearing  sandstone  of  N^pur.  At  the  Mah^ewa 
Hills  the  overlying  sandstone  (which,  like  that  of  Umret  and  of 
Nagpur,  is  characterized  by  iron-bands)  is  of  much  greater  thickness 
than  to  the  south.  Under  this  sandstone  of  the  Mahadewas  come 
green  shales  and  bituminous  shales,  equivalent  to  those  of  Umret. 
From  the  examination  also  of  the  fossil  plants  (Fertebraria,  Trizygiay 
Phyllothecay  Cyclopteris,  GlassopteriSy  Pecapteris,  and  l^heno- 
pterUi)  plentifully  occurring  in  all  these  localities,  the  same  conclu- 
sion is  arrived  at,  namely,  that  the  shales  of  Umret  and  the  Maha- 
dewas are  truly  equivalent  to  the  plant-bearing  sandstone  of  Nagpur, 
which  last,  indeed,  in  some  places  has  argillaceous  modifications. 
The  bitiuninous  shales  of  Kota,  on  the  Pranhita,  appear  to  belong 
to  the  same  series,  and  underlie  the  iron-banded  sandstone,  as  in 
other  localities.  The  Kotk  shales  have  afforded  fish-remains  of  a 
Jurassic  type  {Lepidotus  and  jEchmadus)  ;  and  at  one  place,  Man- 
gali,  between  Kota  and  Nagpur,  the  equivalent  of  the  Nagpur  plant- 
bearing  sandstone  has  yielded  the  Labyrinthodont  Reptilian  skulls 
lately  described  in  the  Society's  Journal  by  Prof.  Owen.  The  ex- 
tension of  the  bituminous  and  anthracitic  shales  in  other  localities, 
namely,  Duntimnapilly,  Singra,  on  the  Bagin  River,  Umla  Ghat,  &c., 
is  alluded  to  by  the  authors  in  their  recent  communication ;  and  they 
remark,  that,  on  the  south,  north,  and  east  of  the  Nagpur  territory, 
the  carboniferous  shales  are  thus  seen  to  hold  the  same  relation  wiUi 
the  overlying  iron-banded  sandstone ;  and  that,  though  it  is  difficult  to 
comprehend  the  Burdwan  coal-field  in  the  comparison,  as  it  lies  in  a 
basin  and  has  no  overlying  formation,  yet  the  fossils  are  very  similar 
to  those  of  the  Mahadewas,  Umret,  and  Nagpur,  and  bear  evident 
proof  of  the  contemporaneity  of  the  whole. — July  1855. — Ed.] 

Thickness  of  the  Strata, — a.  The  highest  beds  as  exposed  in  the 
quarries  of  Silewd(^4  and  Bokhdrd  average  about  25  feet  of  coarse 
sandstone  with  iron-bands;  below  which  there  are  15  feet  of  all- 
iaceous sandstone,  b,  with  an  abundance  of  fossils,  and  an  undeter- 
mined depth  of  coarse  sandstone  beneath.  These  constitute  what 
Dr.  Carter,  in  an  able  '  Summary  of  Indian  Geology,'  which  I  have 
just  received,  calls  the  Pann^  sandstone.  From  outcrops  of  this 
subdivision  of  the  sandstone  series  in  other  localities  near  N^igpur, 

[*  A  notice  of  the  results  of  this  visit  was  read  at  the  Meeting  of  the  Society, 
June  13,  1855.] 

[t  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  55.] 
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the  whole  thickness  of  the  highest  heds  may  be  reckoned  at  about 
200  or  300  feet.  At  Kot^  as  we  have  seen,  it  ranges  from  50  to 
500  feet,  at  Madalaity  120  feet,  and  at  the  Mahddewa  hills,  accord- 
ing to  Mr.  Sankey,  2700  feet,  which  must  be  its  greatest  develop- 
ment, c.  The  depth  of  the  shales  at  Korhddi  and  Tad^  seems  to 
be — green  about  30  feet,  red  50  feet.  At  Kotd,  omitting  inter- 
stratified  argillaceous  limestone  and  sandstone,  all  the  argillaceous 
thin  strata  united  amount  to  29  feet,  red  clay  27 ;  while  at  Newbold's 
section  of  Mudalaity,  where  the  shales,  usually  reddish,  underlie  the 
limestone,  they  attain  a  thickness  of  50  feet.  d.«  The  Umestone 
which  underlies  the  shale  has  been  much  disturbed  by  granite  at 
Korhidi,  so  that  we  cannot  fix  its  thickness  precisely ;  but  I  should 
think  it  cannot  be  less  than  100  feet — ^at  Mudalaity  it  is  360  feet. 
Under  this  Umestone,  which  is  included  in  Dr.  Carter's  excellent 
paper,  along  with  shales  and  coal  under  the  name  of  Kattrd  shales, 
there  occurs,  as  Newbold  has  shown  in  Southern  India,  and  Franklin 
in  Bundelkhand,  another  series  of  sandstone  rocks,  for  which  Dr. 
Carter  proposes  the  name  of  Tard  sandstone ;  but,  as  most  probably, 
owing  to  tne  intrusion  of  the  granite,  this  member  of  the  formation 
does  not  occur  in  our  neighbourhood,  I  have  nothing  to  say  re- 
garding it. 

Character  of  the  Formation. — ^There  can  be  little  doubt  that  the 
upper  strata  are  lacustrine.  The  occurrence  in  them  of  such  an  im- 
mense collection  of  terrestrial  vegetation,  intermingled  with  Poacites, 
taken  in  connection  with  the  total  absence  of  Fucoids  and  other 
marine  plants,  shows  very  plainly  that  they  must  have  been  deposited 
in  fresh  water.  And,  as  no  river  could  have  covered  the  extent  of 
surface  which  these  beds  occupy,  we  are  bound  to  conclude  that, 
like  the  tertiary  rock  previously  described,  they  must  have  been 
formed  in  a  lake,  a  conclusion  which  the  discovery  of  Estheria  (or 
Limnadia)y  with  their  two  valves  entire,  and  congregated  together  as 
they  are  found  in  their  usual  haunts,  fully  justifies.  Again  the 
abundance  of  worm-tracks  and  borings  in  the  red  shale  of  Korhddi 
and  the  green  shale  of  Tadi/:^  renders  it  more  than  probable  that 
the  strata  at  these  localities  constituted  the  margin  of  an  ancient 
lake  and  not  of  a  sea  or  even  of  a  river.  Of  the  origin  of  the  dolo- 
mitic  beds  it  is  impossible  to  give  any  certain  account,  owing  to  the 
transformation  which  they  have  undergone,  though  we  may  suppose 
they  follow  the  analogy  of  the  other  members  of  the  formation.  The 
character  of  the  upper  strata  at  Elichpur,  as  would  appear  from  the 
fossils  discovered  by  Dr.  Bradley,  is  exactly  the  same  as  at  N^pur. 
The  Ijepidotus  which  has  been  found  at  Kot^  from  its  association 
with  terrestrial  vegetable  remains,  has  been  pronounced  to  have  been 
probably  an  estuary  or  inshore  fish ;  but,  as  the  genus  also  occurs 
abundantly  in  the  freshwater  strata  of  the  Wealden,  it  may  be  per- 
ceived that  the  strata  at  Kotd  are  not  of  a  different  origin  from  those 
in  our  neighbourhood.  This  supposition  is  rendered  more  hkely  by 
the  fact,  that,  while  no  marine  vegetation  is  said  to  have  been  de- 
tected there,  a  piece  of  the  shale  which  Dr.  Bell  kindly  sent  me  bears 
the  impression  of  a  bivalve  exceedingly  like  a  Cyrena  or  Cyelas,   Dr. 
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McClelland  seems  to  suppose  that  the  Burdwan  coal-measures  were 
deposited  in  a  sea,  for  in  the  last  plate  of  his  Survey  already  referred 
to  he  has  figured  a  fossil  which  he  has  called  FucoideB  veno9us ;  but 
any  person  who  compares  the  plant  there  represented  with  the  GIm- 
wpterU  figured  in  his  plate  XV.  under  the  name  of  G.  reticulata  will, 
I  believe,  agree  with  me  in  considering  both  plants  generically,  if  not 
specifically,  the  same.  I  infer,  therefore,  that  there  is  no  evidence 
whatever  to  prove  that  our  sandstone,  or  the  shale  at  Kot^  or  the 
Bengal  coal-measures,  were  deposited  in  the  sea ;  but  on  the  contrary 
every  reason  to  believe  that  they  were  all  formed  in  a  large  body  of 
fresh  water. 

Age  ofthete  Strata, — The  coarse  iron-banded  sandstone  above,  and 
the  more  fissile  strata  lying  conformably  below,  which  are  undoubt- 
edly of  one  and  the  same  era,  require  first  to  be  considered.  For  the 
sake  of  clearness,  however,  I  shall  refer  to  the  latter  member  alone, 
as  it  has  afforded  most  of  the  fossils,  and  furnishes  the  best  data  for 
comparison  with  the  rocks  of  other  localities.  Some  of  the  seed* 
vessels  which  it  has  vielded  bear  no  very  distant  resemblance  to  those 
of  the  Stonesfield  slate ;  Jsterophyllitea  ?  lateralis,  to  use  the  pro- 
visional name  proposed  by  Bunbury,  and  the  forms  of  Peeopteria, 
show  its  near  connection  with  the  carbonaceous  shales  and  sandstones 
of  Scarborough ;  Phyllotheca,  Glossopteris,  and  the  narrow  fronds 
of  Cyclopteris,  if  M'Coy's  figure*  be  truly  of  that  genus,  mark  out 
the  relation  to  the  coal-beds  of  New  South  Wales,  while  Ttmiiopteris 
magnifolia,  and  sulcated  stems  in  all  respects  corresponding  with 
Phyllotheca,  testify  to  the  agreement  with  the  Virginian  carboni- 
ferous strata.  These  coincidences,  some  of  which,  as  in  the  so-called 
Aeterophylliteat  and  Tamiopteria  magnifolia,  seem  to  amount  even 
to  specific  identity,  along  with  the  remarkable  relations  which  the 
distant  localities  exhibit  among  themselves,  form  a  network  of  proof, 
which  in  my  opinion  binds  down  all  the  various  series  of  rocks  to 
about  the  same  epoch, — an  epoch  which  the  known  position  of  the 
Stonesfield  and  Scarborough  strata  show  to  be  Lower  Oolitic. 

Whether  the  Mdngali  sandstone  is  to  be  reckoned  contemporaneoua 
with  these, — whether  the  two  different  kinds  of  strata  there — ^the 
coarse  thick- bedded  upper  and  the  fine  fissile  lower — are  to  be 
reckoned  the  equivalents  of  our  a  and  b,  is  a  question  which  observa^ 
tion  in  the  field  and  a  comparison  of  the  respective  fossils  do  not 
enable  me  to  answer.  The  massive  sandstone  at  M^gali,  as  has 
been  said,  is  destitute  of  iron-bands,  and  the  inferior  argillo-arenaceous 
strata  are  much  redder  than  ours ;  and  especially  the  organisms  of 
the  lower  strata  at  the  two  places  are  very  dissimilar.  Here  they 
are  all  vegetable,  while  there  they  are  almost  exclusivelv  animal. 
Only  one  of  the  fossil  plants  at  Mdngali  appears  to  us  to  bear  a  re- 
semblance to  anything  found  in  this  vicinity.  At  the  same  time,  if 
any  inference  is  to  be  derived  from  the  succession  of  the  rocks  there, 
it  is  in  favour  of  the  idea  that  they  are  the  counterparts  of  our  a 
and  B.  And  that  they  cannot  in  age  be  far  removed  from  them,  is 
proved  by  a  comparison,  not  of  the  Mingali  fossils  with  others  m  this 
*  An.  Mag.  Nat.  Hist.  vol.  zz.  pi.  iz.  fig.  3. 
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territory^  but  of  both  these  with  those  across  the  Atlantic.  Oar  iu-> 
▼estigatioQS  in  the  resemblances  of  the  sandstone  fossils  show  that  the 
N^ur  fossiliferotts  strata  are  connected  with  the  Richmond  carboni- 
ferous formation  by  Tceniopteru  magnifoliay  while  the  M^ngali  fos- 
siliferous  strata  are  still  more  closely  linked  to  it  by  the  discovery  of 
what  appear  to  be  Aspidiaria,  Knorria,  and  the  interesting  groups 
of  large  and  small  Limnadiada.  Here,  then,  we  perceive  that  the 
lower  beds  at  both  of  these  Indian  localities  bear  a  relation  to  the 
Virginian  coal-measures^  characterized  by  an  apparent  specific  identity 
of  rossils ;  and,  though  the  genera  of  which  the  species  seem  to  be 
identical  are  not  the  same  in  both  cases,  yet  it  is  obvious  from  the 
sort  of  ex  aguali  argument  which  we  may  be  permitted  to  use^  that 
these  lower  beds  must  stand  pretty  closely  connected  with  each  other. 
But  I  do  not  wish  to  push  to  an  extreme  reasoning  on  a  point  which 
the  progress  of  investigation  here  may  soon  elucidate  by  finding  the 
strata  under  consideration  in  juxtaposition.  Meanwhile  I  consider 
myself  warranted  in  asserting,  that  our  Mdngali  rocks  cannot  at  all 
events  be  older  than  the  Jurassic,  if  under  that  term  the  Lias  is  also 
induded.  Indeed  the  head  of  the  Labyrinthodont  tends  to  com- 
municate to  them  a  Triassic  aspect ;  but,  if  the  Jurassic  character  of 
their  abundant  flora  be  taken  as  the  real  indication  of  the  age  of  these 
rocks,  we  arrive  at  a  conclusion  which  brings  out  the  interesting  fact> 
that  the  family  of  Labyrinthodonts,  instead  of  being  confined  to  the 
Coal  and  Trias,  survived  (in  the  East)  until  the  period  of  the  Lower 
Oolite. 

Regarding  the  age  of  our  shale  c,  which  there  is  eveiy  reason  to 
believe  underlies  the  coarse  and  fine  sandstones  a  and  b,  I  have  little 
to  say  more  than  that  it  cannot  be  much  older  than  these.  The 
occurrence  of  worm-tracks,  as  well  as  of  faint  traces  of  Phyllotheca, 
will  not  allow  me  to  consider  it  anything  but  part  of  the  same  Jurassic 
formation.  But  as  I  have  endeavoured  to  show  that  the  coal-measures 
of  Burdwan  are  equivalents  of  our  plant-bearing  beds,  and  therefore 
belong  to  the  Lower  Oolitic  group,  it  will  be  necessary  to  make  a 
few  remarks  to  establish  the  correctness  of  this  view. 

On  the  age  of  the  coal-measures  of  Bengal  two  opinions  have  been 
submitted  to  the  public  within  the  last  four  years : — one  in  )  850  by 
Br.  M'Clelland  in  his  "  Geological  Survey,"  and  the  other  in  the 
course  of  the  present  year  by  Dr.  J.  Hooker  in  his  interesting 
''Himalayan  Journals*." 

Dr.  M'Clelland's  sentiments,  which  in  1846  were  very  decided  as 
to  the  true  Palaeozoic  character  of  our  Eastern  coalf^  seem  to  have 
remained  the  same  at  the  period  of  his  more  recent  publication  on 
the  subject ;  for  we  find  him  in  his  "  Survey,"  while  admitting  the 

[*  This  portion  of  the  paragraph  on  the  "  Age  of  the  Sandstone"  haa  been 
remodelled  noce  the  reading  of  the  Paper,  so  as  to  introduce  the  necenary 
references  to  the  opiniona  published  by  Dr.  J.  D.  Hooker  in  his  most  interesting 
work  on  the  Himalayas. — June  14  and  Sept.  6, 1854.] 

t  "  There  cannot,  however,  be  a  doubt  as  to  its  belonging  to  the  true  coal- 
formation,  from  the  nature  of  the  coal  itself,  as  well  as  of  the  beds  with  whidi  it 
is  asaodated."— Secretary  of  the  Calcutta  Ck>al  Committee  on  the  Coal  of  the 
Great  Tenaiserim  River,  in  Committee's  Report,  p.  138.    Calcutta,  1846. 
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Oolitic  age  of  some  bluish-white  indurated  clays  at  Dubrajpore  in 
the  Rajmahal  Hills,  nerertheless  pbicing  the  shales,  sandstones,  and 
seams  of  coal  of  Burdwan,  and  of  Mussinia  and  Kottyooon  in  the 
R^mahal  Hills,  as  an  intermediate  formation,  which  he  styles  the 
*'  Coal-measure,"  between  the  Inferior  Oolite  mentioned  above  and 
what  he  supposes  to  be  the  *'  Old  Red  Sandstone."  After  deducting 
specimens  of  Fucaides,  which  I  cannot,  with  the  aid  of  his  figures, 
distinguish  from  those  of  Glawopteris,  there  are  seven  genera,  to 
which  he  refers  as  *'  Indian  coal-measure  fossils.*'  Of  these,  four, 
viz.  Sphanophylluffi,  Poacitea,  Calamitea,  and  Peeopteris^  he  says, 
are  "  common  to  the  coal-measures  of  Europe."  In  the  conclusion 
which  would  naturally  be  drawn  from  this  statement  I  cannot  concur ; 
and  hence  it  is  necessary  to  review  the  grounds  on  which  it  is  made. 
The  three  genera  not  *  mentioned  are  Zandtes,  Tieniopteris,  and 
GloMopteria,  Of  these,  the  first  two  are  held  to  be  well  nigh  cha- 
racteristic of  the  Jurassic  period,  whUe  the  remaining  ^enus,  though 
unknown  in  Europe,  must,  from  the  circumstances  m  which  it  is 
shown  to  occur,  now  be  acknowledged  to  be  equally  a  Mesozoic  plant. 
And  with  regard  to  the  four  eenera  specified,  I  do  not  suppose  that 
Dr.  Royle  mil  assent  to  the  identification  of  his  Trigygia  with  Splus- 
nophyllum ;  and,  if  any  specimens  of  the  genus  CakmUes  had  been 
preserved  for  description,  I  have  little  doubt  they  would  have  proved 
to  belong  to  our  ''non-tuberculated  class  of  opposite  sulcated  jointed 
stems,"  whieh  abound  in  formations  above  the  true  coal-measures. 
The  genera  Poacites  and  Peeopteris  I  have  found  in  our  "  Jurassic" 
strata,  and  a  specimen  of  the  latter  here  is  so  like  one  figured  by 
M'Clelland  that  it  is  difficult  to  resist  the  conviction  that  they  do 
belong  to  the  same  species.  If  to  the  evidence  now  adduced  there 
be  added  that  afforded  by  the  occurrence  of  the  peculiar  plants 
Vertebraria  indica,  Trizygia  apeciosa^  &c.  at  Burdwan  and  Bhuwan, 
I  think  little  probability  will  remain  of  the  Bengal  coal-formation 
being  Palaeozoic. 

Dr.  Hooker,  in  commenting  on  the  opinion  of  Dr.  McClelland, 
which  he  supposed  to  be  in  favour  of  the  Oolitic  age  of  the  Burdwan 
coal-field,  at  the  commencement  of  his  first  volume  endeavours  to 
prove  that  no  inference  can  be  deduced  from  the  plants  discovered 
in  those  strata.  In  his  second  volume,  however,  he  puts  forth  an 
opinion  of  his  own,  which,  though  not  formally  enunciated  in 
regard  to  the  Burdwan  series  of  rocks,  may  be  gathered  from  his  re- 
marks on  the  carbonaceous  shales  near  Punkabarree.  On  these 
shales  there  were  **  obscure  impressions  of  Fern -leaves,  of  Trizygia 
and  Vertebrariay  both  fossils  characteristic  of  the  Burdwan  coal* 
field,  but  too  imperfect  to  justify  any  conclusion  as  to  the  relation 
between  these  formations*.  And  then,  in  a  foot-note,  it  is  added, 
"  these  traces  of  fossils  "  (including  a  fragment  of  bone  as  well  as 
vegetables)  *'  are  not  sufficient  to  identify  the  formation  with  that  of 
the  Siw£ik  Hills  of  North-West  India ;  but  its  contents,  together 
with  its  strike,  dip,  and  position  relatively  to  the  mountains,  and  its 
mineralogical  character,  incline  me  to  suppose  it  may  be  similar." 
*  Himalayan  Journalsi  vol  U.  p.  403. 
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It  may  appear  presumptuous  in  me  to  impugn  the  view  of  one  who, 
from  personal  as  no  less  than  hereditary  c&ms,  is  entitled  to  the 
utmost  respect  on  the  subject  of  vegetable  remains.  I  feel,  how- 
ever, that  the  learned  author  has  been  led  away  by  his  distrust  of 
the  evidence  afforded  by  fragments  of  plants  to  rely  on  the  more 
uncertain  indications  of  mere  lithological  phsenomena.  Bo  strike, 
dip,  &c.  furnish  us  with  such  strong  testimony  on  the  question  of 
age,  that  for  their  sake  the  Punkabarree  shales  are  to  be  denied  a 
place  with  the  Burdwan  beds  which  have  Ferns,  Trizygiay  and  Ver- 
tebraria,  and  to  be  ranked  with  the  Siw^Uik  rocks,  which,  I  believe, 
have  none  of  the  three?  Or,  if  the  carbonaceous  strata  at  both 
places  are  allowed  to  be  contemporaneous,  are  both  to  be  classed  as 
Miocene  or  Pliocene,  when  the  Bhuwan  shales,  which  like  them 
exhibit  "  impressions  of  Fern-leaves,  of  Trizygia,  and  Fertebraria" 
immediately  underlie  sandstones  whose  numerous  fossils,  not  to 
mention  those  of  Burdwan  itself,  are  decidedly  not  more  recent  than 
Jurassic  ? 

It  only  remains  to  add,  that  the  age  of  the  dolomitized  limestone 
cannot  be  expected  to  be  determined  by  the  evidence  of  fossils ;  but, 
as  in  other  localities,  it  is  not  unfrequentlv  found  to  alternate  with 
the  shale  c,  it  may  be  set  down  as  nearly  coeval  with  it; — thus 
making  the  whole  series  of  rocks  from  a  to  d  to  correspond  with  the 
lower  members  of  the  great  Jurassic  formation, — ^reaching  perhaps 
from  about  the  position  of  the  Scarborough  strata  downwards  into 
the  Lias. 

VIII.  Piutonie  and  Metamorphic  Rocks, — At  the  end  of  a  paper 
which  has  already  extended  to  such  a  length,  it  would  be  unbecom- 
ing to  say  much  on  this  part  of  our  subject.  We  have  in  the  city  of 
Ndgpur,  and  many  localities  to  the  east  of  it,  the  usual  combinations 
of  gneiss  and  quartz-rock,  mica  and  hornblende  schist,  with  massive 
granite.  The  peculiarity  of  the  last-mentioned  rock  in  the  streets  of 
the  capital  is,  that  it  is  generally  a  pegmatite,  consisting  of  flesh-* 
coloured  crystals  of  felspar  with  quartz,  disposed  so  as  often  to  take 
the  appearance  of  graphic  granite.  But  very  frequently  it  occurs 
with  the  felspar  compact,  in  large  white  masses,  which  then  have 
much  the  app^urance  of  a  pure  dull  porcelain.  In  N^ur  the  most 
common  rock  is  gneiss,  passing  into  mica-schists.  The  former  rock, 
when  fresh,  is  quarried,  though  not  extensively,  for  building ;  and 
when  disintegrated,  for  the  repairing  of  the  roads.  But  for  both  of 
these  purposes  respectively  trap,  in  the  two  conditions  mentioned,  is 
preferred.  Masses  of  white  quartz  appear  here  and  there  in  the 
city,  some  with  crystals  of  black  schorl,  and  others  with  scales  of 
gold-coloured  mica.  The  range  of  piutonie  hills  on  the  west  of 
Kdmpti,  which  is  indeed  only  a  narrow  prolongation  of  the  great 
granitic  district  in  the  Wein  Gang^  basin  to  the  east,  has  been  thrown 
up  by  an  eruption  of  granite  corresponding  nearly  with  the  course  of 
the  Kolar.  The  massive  rock  which  lies  in  the  channel  of  the  river, 
unlike  that  of  N^lgpur,  is  generally  grey  and  very  micaceous.  Above 
it,  forming  the  N.  base  of  the  range,  lies  mica-schist,  passing  into 
granular  schistose  quartz,  which  is  overlaid  by  a  stratum  of  dark- 
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grey,  glistening,  resinous  quartz,  and  then  by  a  considerable  thick- 
ness of  white  quartz  with  scales  of  mica.  This  constitutes  the  ridge 
of  the  range  for  about  its  entire  length  from  Waregaum  to  Gumtara, 
and  with  its  snowy-whiteness  attracts  attention  from  a  great  distance. 
At  the  northern  base  of  the  range,  between  the  quartz  and  the  dolo- 
mite of  Korhddi,  there  are  interposed  some  beds  of  granular  quartz- 
ose  rock,  which  has  very  much  the  appearance  of  being  an  altered 
sandstone ;  in  which  case  it  might  be  the  representative  in  this  part 
of  the  country  of  the  "  Tar^  sandstone."  But  throughout  the  field 
of  crystalline  limestone  at  Korhadi  there  are  many  eruptions  of 
granite,  which  just  rise  to  the  surface  without  any  intermediate  meta- 
m Orphic  rocks  at  all.  In  some  of  those  instances  the  granite  is 
garnetiferous,  and  at  its  junction  with  the  dolomite  the  latter,  besides 
its  usual  ingredients  of  steatite  and  tremolite,  is  intermingled  with 
mica.  At  Halyadoba,  N.E.  of  Umred,  chlorite-schist  with  garnets 
is  quarried  for  payements  ;  it  abounds  along  the  course  of  the  Amb 
River.  At  Shegaum  various  plutonic  rocks  rise  from  under  the  sand- 
stone, and  extend  northwards  to  Karsingi.  The  first  which  appears 
in  the  north  street  of  Segaum  is  syenite,  in  which  the  felspar  and 
hornblende  greatly  preponderate  over  the  quartz.  About  300  yards 
to  the  north  this  is  succeeded  by  another  kind  of  syenite,  in  which 
red  felspar  is  combined  with  a  small  proportion  of  quartz,  and  a  large 
quantity  of  a  green  mineral  (epidote  or  diallage?).  This  rock 
(euphotite  ?)  seems  to  be  massive,  and,  if  we  may  judge  from  the 
fragments  of  it  lying  on  the  surface,  is  the  prevaihng  rock  for  some 
miles.  In  an  adjoining  plutonic  area,  a  little  to  the  north,  there  is 
an  extensive  development  of  pot-stone  at  J^mbul  Ghat.  The  rich 
dark  kind  that  possesses  a  small  metallic  lustre  has  hitherto  been 
reserved  by  Maratha  authority  for  the  manufacture  of  idols ;  but  the 
lighter-coloured  varieties,  which  are  more  common,  occurring  also  at 
Dini  near  Rampaili,  and  at  Biroli  on  the  Wein  Gangd,  near  Tharora, 
'have  been  long  used  for  fashioning  into  vessels.  Steatitic  schists  of  a 
pure  white  tint,  with  a  few  imbedded  garnet  crystals,  occur  at  Kaneri, 
on  the  Chulband  river,  and  at  various  other  localities  east  of  the 
Wein  Ganga.  In  many  parts  of  this  river's  course,  and  in  the 
Ldnji  Hills,  hornblende  rocks,  both  schistose  and  massive,  abound. 
A  coarse  kind  of  corundum  occurs  at  Dali  Ghat,  on  the  road  from 
Ndgpur  to  Ragepur. 

Metals. — Small  quantities  of  gold  are  found  near  L^nji  in  the 
sands  of  the  Son  river,  a  tributary  of  the  Wein  Gang^.  In  some 
fragments  of  quartz-rock  on  Nimi  Hill,  west  of  the  Pech  river.  Col. 
Jenkins  found  galena.  Where  this  rock  is  associated  with  dolomite, 
as  at  Kumdri,  it  contains  manganese.  But  the  principal  ore  which 
it  yields  is  iron  ;  this  may  be  obtained  in  immense  quantities  in  the 
province  of  Chdnda,  both  on  the  east  and  west  of  the  Wein  Gang^. 
Near  Dewalgaum,  oi^y  three  miles  from  the  east  bank  of  this  navi- 
gable stream,  which  communicates  by  the  Goddvari  with  the  Bay  of 
Bengal,  at  Masulipatam,  in  the  midst  of  a  level  country  covered 
with  jungle,  there  is  a  hill  named  Khandeshwar»  consisting  of  straU 
tilted  up  at  an  angle  of  60°  or  70°,  the  dip  being  to  the  north.    The 
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snmmit  of  the  hill  is  about  250  feet  above  the  level  of  the  plain, 
100  feet  being  gradual  ascent  through  jungle,  and  the  remainder 
an  abrupt  wall  of  naked  rock.  The  iron-ore  is  for  the  most  part 
specular,  though  many  specimens  possess  polarity,  and  seem  to  be 
magnetic.  It  b  on  the  surface  of  the  slope  that  it  is  most  valuable ; 
but  the  whole  mass,  from  an  unknown  depth  under  ground  to  the 
highest  peak  above  it,  is  richly  laden  with  metal.  This  single  hill 
might  furnish  iron  for  the  construction  of  all  the  railroad:)  that  shall 
ever  be  made  in  India,  and  with  its  abundance  of  fuel  and  cheapness 
of  labour,  and  convenience  of  situation,  it  is  admirably  adapted  for  an 
export  trade  to  every  part  of  the  country.  But  besides  this  locality, 
there  are  others  in  the  neighbourhood  which  could  each  contribute 
an  unlimited  supply  of  the  same  indispensable  metal.  Among  these 
may  be  mentioned  Lohara,  Ogalpet,  and  Metapdr,  Bhdndpur,  Mend^ 
and  Gunjdwahi,  which  are  all  on  the  W.  of  the  Wein  Ganga ;  and 
at  all  of  which  places  the  ore  seems  to  occur  in  quartz,  and  is  some- 
tinies  granular,  but  for  the  most  part  compact.  Unimportant  crystals 
of  it  are  scattered  through  the  pegmatite  of  the  capital.  Notwith- 
standing that  the  specular  ore  is  so  abundant,  there  are  many  districts 
on  the  north  of  those  already  named  where  the  hydrous  oxide,  in 
the  shape  of  the  heavier  lumps  of  laterite,  are  selected  for  smelt- 
ing by  the  poor  natives,  whose  tools  are  anything  but  adapted  for 
contending  with  the  hard  masses  of  the  metamorphic  matrix  or 
gangue. 

Age  of  the  Plutonic  and  Metamorphic  Rocks, — These  evidently 
do  not  all  belong  to  one  and  the  same  epoch.  Col.  Jenkins  observes 
that  at  Nayakund  on  the  Pech,  to  the  north  of  N^gpur,  he  met 
with  "  a  grey  granite,  composed  chiefly  of  whitish  felspar  in  very 
large  crystals,"  a  mass  of  which  ''was  distinctly  traversed  three 
or  four  times  by  granite- veins,  accompanied  by  as  many  heaves." 
The  granite  of  the  veins  was  smaller-grained  and  redder  the  more 
recent  it  was,  and,  to  the  best  of  that  officer's  recollection,  was  desti- 
tute of  mica.  Without,  however,  more  extensive  artificial  sections 
of  the  rocks  in  this  neighbourhood  than  have  ever  been  executed,  I 
fear  it  will  be  difficult  to  fix  the  respective  ages  of  the  different  erup- 
tions. A  cursory  view  of  the  question  would  lead  to  the  supposition 
that  the  micaceous  granite  is  more  ancient  than  the  pegmatite  ;  but, 
in  areas  where  both  are  presented  in  the  vicinity  of  each  other,  the 
soundness  of  this  view  may  be  questioned,  or  at  all  events  it  app^rs 
to  be  impossible  in  the  present  state  of  the  country  to  have  it  con- 
firmed. The  pegmatite  of  N^gpur  city,  which  we  have  said  is 
associated  with  gneiss,  mica-schist,  and  quartz  with  mica  and  with 
schorl,  is  evidently  a  very  recent  eruption,  for  it  has  not  only  con- 
verted much  of  the  very  highest  member  of  the  Jurassic  sandstone 
into  gneiss,  but  it  has  completely  upheaved  it.  That  the  eruption, 
therefore,  was  posterior  to  that  formation,  there  cannot  be  the  slightest 
doubt.  But  it  has  sometimes  occurred  to  me,  though  the  observa- 
tions of  the  most  eminent-Indian  geologists  are  opposed  to  the  thought, 
that  this  pegmatitic  outburst  may  be  subsequent  even  to  our  trap. 

The  section  (fig.  1)  at  page  350  may  throw  some  light  on  this 
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doubtfiil  point.  In  this  section  we  have  the  overlying  trap  (a) 
occupying  the  two  summits  of  Sitabaldi  Hill,  under  it  die  tertiary 
i&eshwater  formation  (b)  and  the  intruded  amygdaloidal  trap  (c) 
which  has  encroached  on  it.  At  the  foot  of  the  hill  is  the  upper 
sandstone  {d)y  which  has  been  metamorphosed  to  a  great  extent  by 
the  gneiss  (e),  or  rather  by  the  pegmatite  (/)  beneath.  On  the 
north  part  of  the  hill  the  gneiss  comes  to  the  sur^Bu^e ;  but  a  little 
further  north  it  is,  together  with  the  sandstone,  overlaid  by  trap. 
This  trap,  which  agrees  with  that  overlying  the  tertiary  beds  in 
being  nodular  and  poor  in  minerals,  resembles  in  the  very  same 
respects  the  amygdaloid  where  it  constitutes  the  superficial  rock  on 
the  ascent.  Proceeding  in  the  same  line,  we  find  the  trap  cease  and 
the  sandstone  upheaved.  After  this  interruption  the  trap  is  again 
seen  to  be  on  the  surface.  Now  the  question  arises :  what  is  the 
reason  that  the  trap  is  not  found  where  the  granite  has  thrown  up 
the  sandstone  ?  The  most  obvious  reply  is,  that  once  it  was  there, 
as  it  is  seen  on  either  side,  but  that  by  this  eruption  it  was  removed ; 
in  which  case  the  plutonic  rock  would  be  of  more  recent  origin 
than  the  volcanic.  But,  as  there  is  the  alternative  of  the  latter 
never  having  been  spread  over  the  position  of  the  former,  and  as 
this  alternative  is  favoured  by  the  examination  of  other  localities, 
I  content  myself  with  merely  submitting  the  case  for  determination, 
merely  stating  that  my  latest  observations  lead  me  to  beUeve  that  the 
trap  is  of  later  age  than  the  granite.  At  all  events  the  section  un- 
doubtedly shows  that  the  pegmatite  and  some  of  its  accompanying 
gneiss  are  of  an  age  subsequent  to  the  upper  sandstone.  And  vet  in 
a  layer  of  conglomerate  contained  in  the  red  shale  of  Korhadi  we 
meet  with  pebbles  of  undulated  mica-schist  very  hke  that  which 
occurs  in  the  present  day  between  Suradi  and  Korhddi.  Rocks  of 
this  character,  then,  whether  we  are  right  or  wrong  in  suggesting  their 
connection  with  any  still  existing,  did  exist  before  the  deposition  of 
the  red  shales. 

Conclusion, — In  tracing  the  geological  history  of  this  district  from 
the  facts  that  have  been  brought  forward,  we  are  made  to  feel  that 
the  early  epochs  are  involved  in  the  utmost  obscurity.  While  in 
many  other  countries  the  records  of  what  took  place  in  Palseozoic 
times  have  been  preserved  in  successive  strata  of  the  earth's  crust, 
in  the  Dakhan  they  have  been  wholly  obhterated.  It  is  not  until  we 
come  down  to  the  Jurassic  era  that  we  meet  with  archives  whose 
characters  can  be  read.  Then  we  find  that  Central  India  was  covered 
by  a  large  body  of  fresh  water,  which  stretched  southward  into  the 
Peninsula,  and  eastward  into  Bengal,  while  on  the  north  and  west  it 
communicated  by  some  narrow  channel  with  the  sea.  On  the  shores 
of  this  lake  earth-worms  crawled,  and  small  reptiles  (frogs)  crept  over 
the  soft  mud.  In  its  pools  sported  fiocks  of  little  Entomostracans 
resembling  the  modem  Estheriat  mingled  with  which  were  Ganoid 
fishes  and  Labyrinthodonts.  The  streams  which  fed  it  brought  down 
into  its  bed  the  debris  of  the  plutonic  and  metamorphic  rocks  which 
then  constituted  the  greater  part  of  the  dry  land,  and  which  were 
covered  with  an  abundant  vegetation  of  Ferns,  most  of  them  distin- 
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guished  by  the  entireness  of  their  fronds.  Low-growing  plants  with 
grooved  and  jointed  stems  inhabited  the  marshes ;  and  Conifers  and 
other  Dicotyledonous  trees,  with  Palms,  raised  their  heads  aloft. 
Meanwhile  plutonic  action  was  going  on,  and  strata,  as  they  were 
formed,  were  shattered  and  reconstructed  into  a  breccia ;  and  finally 
an  extensive  outburst  of  granite  elevated  the  bed  of  the  lake  and  len 
it  dry  land.  The  sea  now  flowed  at  Pondicherry  and  Trichinopoly, 
depositing  the  cretaceous  strata  which  are  found  there. 

At  the  end  of  this  epoch  Central  India  suffered  a  depression  and 
was  again  covered  by  a  vast  lake,  communicating  with  the  sea,  not 
towards  Cutch  as  before,  but  in  the  neighbourhood  of  Rdjdmandri, 
to  which  the  salt  water  had  now  advanced.  When  the  lake  had 
during  its  appointed  time  fumishetl  an  abode  to  its  peculiar  living 
creatures  and  plants,  it  was  invaded  by  an  immense  outpouring  of 
trap,  which  filled  up  its  bed,  and  left  Western  and  a  great  part  of 
Central  India  a  dreary  waste  of  lava.  But  these  basaltic  steppes 
were  ere  long  broken  up.  A  second  eruption  of  trap,  not  now  coming 
to  the  surface,  but  forcing  a  passage  for  itself  under  the  newer 
lacustrine  strata,  lifted  up  the  superincumbent  mass  in  ranges  of 
flat-topped  hills.  Since  then,  to  the  east,  water  has  swept  over  the 
plutonic  and  sandstone  rocks,  and  laid  down  quantities  of  transported 
materials  impregnated  with  iron,  and  some  time  after  there  were 
deposited  in  the  west  a  conglomerate,  imbedding  bones  of  huge 
mammals,  and  above  it  a  stratum  of  brown  clay,  which  immediately 
preceded  the  superficial  deposits  of  the  black  and  red  soils. 


I  have  to  acknowledge  my  great  obligations  to  Lieut.-Col.  Alcock, 
of  the  Madras  Artillery,  and  Drs.  Leith  and  Carter,  of  Bombay,  for 
assisting  me  in  obtaining  access  to  books  (or  extracts  from  them),  of 
which  I  should  otherwise  have  been  deprived. 

The  map  (PL  X.)  of  the  district  described  is  coloured  geologically 
from  an  excellent  political  map  given  in  Rushton's  Bengal  and  Agra 
Gazetteer  for  1842.  The  formations  between  Chindw^</a  and  the 
Mahddewa  HiUs  are  laid  down  from  a  sketch  obligingly  furnished  to 
me  by  Mr.  Sankey. 


Digitized  by 


Google 


DONATIONS 

TO  THE 

MBEART  OF  THE  GEOLOGICAL  SOCIETY, 

From  January  Isty  1855>  to  March  Zltt,  1855. 


I.    TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Editors, 

American  Journal  of  Science  and  Art.  2nd  Ser.  vol.  xix.  No.  55. 
Jan.  1855.     From  Prof.  Silliman,  For.  M.G.S. 

J.  L.  Le  Conte. — Volcanic  sprines  in  South  Califoniia,  1. 

F.  A.  Genth. — Contributions  to  Mineralogy,  15. 

E.  de  Beaumont,  and  others. — Report  on  M.  A.  Perrey's  Re- 
searches on  Earthquakes,  55. 

Lachlan. — Rise  and  fall  of  the  lakes,  60. 

Aluminium  and  the  alkaline  metals,  106. 

C.  T.  Jackson. — Analysis  of  allophane,  119. 

£.  Bechi. — Boracic  acid  compounds  of  the  Tuscan  Lagoons,  119. 

A.  C.  Ramsay. — Ancient  glaciers  of  Wales,  121. 

W.  B.  Rogers. — Connecticut  "  New  Red  "    and  Virginia  coal- 
rocks,  123. 

E.  Forbes. — Foliation  of  metamorphic  rocks,  122. 
Colour  remaining  in  fossil  Testacea,  126. 

Arsenate  and  Vanadate  of  Lead,  12/. 

N.  V.  Kokscharov. — Ripidolite  and  Clinochlore,  12/. 

Sir  J.  Richardson  and  W.  P.  Blake. — Mastodon  and  Mammoth, 
131. 

Miscellaneous ;  Notices  of  Books,  &c. 

Art-Union  of  London.     1 8th  Annual  Report  of  the  Council  for  1854, 

and  List  of  Members. 
.     Two  Almanacks. 

Athenaeum  Journal,  for  November  and  Decemher,  1854  ;   January, 
Febniary,  and  March,  1855.     From  C.  W,  Dilke,  Esq.,  F.G.S. 
Notices  of  Meetings. 

Bengal  Asiatic  Society,  Journal.     New  Series,  No.  68.    1854,  No.  5. 
H.  Paddington. — Examination  and  analyses  of  Dr.  Campbell's 
specimens  of  copper  ores  obtained  in  the  neighbourhood  of 
Dargeeliug,  477 > 

.     No.  69.  1854,  No.  6. 

Breslau.  Ein-und-dreissigster  Jahres-Bericht  der  Schlesischen  Ge- 
sellschaft  fur  vaterlandische  Kultur:  Arbeiten  und  Verande- 
rungen  der  Gesellschaft  im  Jahre  1 853. 

Prof.  Dr.  Goppert. — Ueber  zellen'ahnliche  Einschlusse  in  einem 
Diamanten,  48. 


Digitized  by 


Google 


DONATIONS.  385 

A.  Oswald. — Ueber  das  Yorkommen  von  Cyanit  in  einem  Gneiss* 

Geschiebe,  50. 
A.  Jackel. — Ueber  die  in  der  Umgegend  von  Liegnitz  vorkom- 

menden  Mineralien  und  ihre  tecbnische  Anwendunff,  51. 
Br.  Hensel.— Ueber  angeblicb  fossile  Menschenreste,  61. 

Ueber  fossile  in  Sehlesien  entdeckte  Reste  des 

Biesenhirsches,  63. 
Prof.  Goppert. — Ueber  die  Bernstein-Flora,  64. 

Ueber  unser  gegenwartiges  Wisaen  von  der  Ter- 

tiar-Flora,  80. 

Ueber  die  Stigmaria  fiooides,  Brongn.,  81. 

Breslau.     Nova  Acta  Ac.  Caes.  Leop.  Car.  Nat.  Cur.  vol.  xziv. 
pars  2.     1854. 

L.  C.  H.  Vortisch.  —  Ueber  geologische  Configuration  (with 

plate),  691. 
£.  F.  Glocker.— Ueber  die  Lankasteine  (with  plates),  723. 
C.  G.  Stenzel. — Ueber  die  Staarsteine  (with  plates),  751. 
M.  J.  Ackner. — Beitrag  zur  Geognosie  und  Petrefaktenkunde  des 
siidostlichen  Sie&nbiirgens,  vorziiglich  der  Schichten  aus 
dem  Bereich  des  Hemumnstiidter  Bassins,  897. 

Canadian  Journal  and  Proceedings  of  the  Canadian  Institute.     Nov. 
1854. 

A.  Murray. — Geology  of  Western  Canada,  73. 
A.  Tylor. — Changes  in  the  sea-level,  76. 
Mining  Statistics,  82,  94. 
British  Association  Reports,  85. 

.     Dec.  1854. 

E.  Logan  and  others. — Geoloflr  of  Canada,  97. 
Anthracite-coal  in  the  U.S.,  IG^. 
J.  Barlow. — Silica  and  its  applications  to  the  arts,  106. 
British  Association  Reports,  110. 

A.  C.  Ramsay. — Palaeozoic  glaciers,  114. 

Gkciers  of  North  Wales,  1 14. 

R.  Harkness. — Silurian  Anthracite  of  Scotland,  115. 

D.  Page. ~ Paleozoic  rocks  of  Scotland,  115. 

£.  FoAes.— Foliation  of  rocks,  115. 


January  1855. 


Biojpiphical  Notice  of  Prof.  £.  Forbes,  141. 
British  Association  Meeting. 

J.  G.  Cumming.— Chuiges  in  the  area  of  the  Irish  Sea,  143. 

R.  Chambers. — Glacial  phsenomena  in  Scotland,  143. 

Chemical  Society,  Quarterly  Journal,  vol.  vii.  No.  4.     Jan.  1855. 

C.  Daubeny. — On  the  produce  obtained  from  barley  sown  in 
rocks  of  various  ages,  289. 

F.  Field. — Analysis  of  a  surface-soil  from  the  desert  of  Atacama, 
308. 

Bibliographj :  Titles  of  Chemical  and  Mineralogical  papers  pub- 
lished m  British  and  Foreign  Journals  in  1854,  31  o. 

Civil  Engineer  and  Architect's  Journal.     No.  249,  vol.  xvii.     Dec. 
1854. 

Water-supply  of  Birmingham,  445. 
Coal-mines  in  France,  460. 

VOL.  XI. — PART  I.  2d 


Digitized  by 


Google 


386  DONATIONS. 

Civil  Engineer  and  Architect's  Journal.  No.  250,  vol.  xviii.  Feb. 
1855. 

Water-bearing  strata  of  the  London  basin,  64. 

.     No.  252,  vol.  xviii.     March  1855. 

Pendulum  experiments,  72. 

S.  C.  Homersham. — Capacity  of  chalk  for  water,  75. 
J.  Dickinson. — Reports  on  accidents  in  coal-mines,  77* 
J.  B.  Redman. — Changes  of  the  south  coast  of  England  (iritb 
figures),  83. 

Edinbur^,  Royal  Society  of.  Transactions,  vol.  xxi.  pt.  1.  1853-4. 
T.  S.  Traill.— Torbane  Hill  mineral,  7. 
J.  S.  Bennett. — Torbane  Hill  mineral  and  coal,  173. 
J.  H.  Balfour.— Vegetables  bodies  in  the  Fordd  coal,  187. 

Proceedings.     Vol.  iii.  No.  44.     1853-4. 

Dr.  Traill.— Torbane  Hill  mineral,  199.     ^ 

W.  Greffory. — Diatomaceous  earth  of  Mull,  and  value  of  gmenc 

and  specific  characters  of  Diatomaoeae,  204. 
Dr.  Fleming.— Coal,  216. 
Prof.  Bennett.— Torbane  Hill  mineral,  217. 
Prof.  Balfour.— V^etable  bodies  in  coal  firom  Fordel,  218. 

Erfdrt.  Denkschrift  der  Koniglichen  Akademie  gemdnnutziger 
Wissenschaften  in  Erfurt.  Herausgegeben  am  Seculartage 
ihrer  Griindune  den  19  Juli  1854. 

Credner. — Versuch  einer  Bildungs-Geschichte  der  geognosticfaea 
Verhaltmsse  Thiiringens,  1-47. 

1.  Bis  zur  Ablageruuff  des  Steinkohlengebirges,  3-23. 

2.  Bis  zur  Zecl»tein-Formation,  23-42. 

3.  Vom  Beginn  der  Triasformation  bis  jetzt,  43-47* 

Frankfort.    Abhandlungen,  herausgegeben  von   der  Senckerberg- 
ischen  Naturforschenden  Grcselkchait.     Vol.  i.  pt.  1.  1854. 
Hessenberg,  F.— Ueber  die  Krystallgestah  des  Queckailbo-- 
homerzes  (plate),  24. 

Franklin  Institute  of  the  State  of  Pennsylvania,  Journal.  3rd  Series, 
vol.  xxviii.  No.  5.     Nov.  1854. 

.    No.  6.    Dec.  1854. 

.     Vol.  xxix.     Jan.  1855.     No.  1. 


Vicat. — ^Action  of  sea-water  on  hydraulic  cements,  13. 
Institute  of  Actuaries.     Syllabus  of  Examinations. 
.    Assurance  Magazine.    No.  18.     Jan.  1855. 

Jahrbucher  der  K.  K.  Central-anstalt  fur  Meteorolo^e  und  Erdmag- 
netismus.  Von  Karl  Kreil.  1.  Band.  Jalugmg  1848-49. 
Herausgegeben  durch  die  K.  K.  Acad,  der  Wissenschaften. 
1854  (Vienna). 

.     2.  Band.     Jahrg.  1850.  1854. 

Journal  of  the  Indian  Archipelago  and  Eastern  Asia.  May  and  June 
1854  (Nos.  6  &  6). 


Digitized  by 


Google 


DONATIONS.  387 

Literaiy  Gazette,  January,  February,  March,  1855.     From  Lavell 
Beeve,  Esq.,  F.G.S. 

Notices  of  the  Meetings. 

London,  Edinbui^h,  and  Dublin  Philosophical  Magazine.     4th  Ser. 
No.  56.    Jan.  1855.     From  R.  Taylor,  Esq.,  F.G.S. 
A.  B.  Northcote. — Brine  i^rings  of  Worcestershire,  27. 
J.  A.  Galbraith. — Composition  of  the  felspars  of  the  granite  of 
the  Dublin  and  Wicklow  Mountains,  40. 

.    No.  57.    Feb.  1855. 

W.  H.  M. — Measurement  of  crystals  with  the  goniometer,  138. 

.    No.  58.    March  1855. 


M.  F.  Heddle.— Analysis  of  Edinfftonite,  179. 

J.  H.  Pratt. — ^Attraction  of  the  mmalayas  upon  the  plumb-line, 

231. 
J.  D.  Hooker  and  K  Binney. — limestone  nodules  and  Trigono- 

carpons  in  coal,  235. 

Monthly  Journal  of  Medicine,  for  January  1855. 
Memoir  of  Prof.  K  Forbes,  75. 

Munich.     Abhandlungen  der  Math.-Phys.  Claase  der  K.  Bayer- 
iflchen  Akad.  d.  Wissenschaften.     Vol.  vii.  pt.  2.     1854. 

J.  Roth  and  A.  Wagner. — Die  fossilen  Knochen-uberreste  von 
Pikermi  in  Ghriechenland  (8  plates),  371. 

.    Bulletin  der  Kdnigl.  B.  Akademie  der  Wisaenschaften. 

No.  1-52.     1853. 

A.  Wagner. — A  new  Ichthyosaurus  and  a  tooth  of  Polyptychodon, 
from  the  hthographic  stone  and  greensandstone  of  Kel- 
heim,  20. 
President's  Address— Geological  work  of  the  Academy  and  its 

FeUows,206,211. 
Notice  of  L.  von  Buch,  213. 

Neuchatel,  Bulletin  de  la  Soci^t^  des  Sciences  naturelles  de,  pp.  95- 
182,  tome  iii. 

ThioUi^re. — Poissons  fossiles  du  Jura  dans  le  Bngey  [noticed],  151. 
£.  Desor. — Sur  les  caract^res  particnliers  des  dirers  d^p6ts 
glaeiaires  de  la  Suisse,  152. 

Les  Cascades  du  Niagara  et  leur  marche  retrograde 

(with  pktes),  157. 

Sur  I'^tii^  iafhieai  du  groupe  N^oeomien  (^tage 

Vahmginien),  172. 

Paris.     Bulletm  de  la  Soci^t^  06ologique  de  France.     Deux.  S6rie. 
1854.    Tomexi.feuill.  27-31. 

Ed.  Hubert. — Observations  sur  I'argile  plastique  de  la  partie 

m^ridionale  du  bassin  de  Paris,  418. 
Ch.  Martins. — Note  g^logique  sur  la  vall^  du  Vemet  et  la 
distinction  des  fiiusses  et  des  vraies  moraines  dans   les 
Fp^^s  Orientales,  442. 
Maroms  de  Boys. — Sur  Targile  plastique  du  bassin  de  Paris,  455. 
S^.Wisse.— Sur  le  Cuica  des  Andes  de  TEquateur  (pi.  10),  460. 
Ach.  de  Zigno. — Rectifications  k  sa  note  "  Sur  un  nouveau  gise- 
ment  de  poissons  fossiles"  (Bull.  2*  ser.  t.  z.  p.  267),  469. 

2  d2 


Digitized  by 


Google 


388  DONATIONS. 

Paris.     Bulletin  de  la  Soci^^  G^logique  de  France  {continued). 

Ed.  H^ert. — Note  sur  une  nouvelle  esp^ce  de  Cinrbip^de  fosaile 

{Scalpellum  Darwini),  470. 
J.  Durocher. — lUponse  aux  remaraues  de  MM.  Ch.  Sainte-Claire 

Deville  et  Delesse,  au  sujet  ae  sa  note  sur  les  eaux  siiUu- 

reuses  pyr^n^ennes  (Btdl.  2*  s^r.  t.  x.  p.  426),  471. 
J.  Marcou.— lUsum^  d'tme  section  g^logique  des  Montagnes 

Rocheuses  k  San  Pedro,  sur  la  cdte  de  TOc^n  Padfique, 

474. 
Fitton  et  Owen. — D^uverte  d*animaux  fossiles  dans  une  des 

couches  de  la  s^e  de  Purbeck,  482. 
£.  Renevier. — Note  sur  la  geologic  des  environs  de  Tours,  483. 
G.  Jenzsch. — Sur  Tamygdalophyre  et  la  weissigite*  491. 

.   .   Deux.  S^rie.    1854.    Tome  xi.  feuill.  32-40. 

Bayle  et  Ville. — Notice  g^logique  sur  les  provinces  d*Oran  et 

d'Alger,  499. 
N^r^e  Boub^e.— Quelques  observations  sur  les  d^pdt»  et  les  pb^ 

nom^nes  diluviens,  ^tudi^s  au  point  de  vue  agricole  et  phy- 

siologique,  517* 
J.-J.  Clement  Mullet. — Documents  historiques  et  g^logiquea 

sur  le  lac  d'Albano,  526. 
J.  Delbos. — Observations  sur  un  M^moire  de  MM.  Crouzet  et  de 

Freycinet,  relatif  ^  la  g^logie  du  bassin  de  TAdour,  528. 
G.  Dewalque. — Note  sur  les  divers  Stages  qui  constituent  le  lias 

moyen  et  le  lias  sup^eur  dans  le  Luxembourg  et  les  contr^ 

voisines,  546. 
J.  Delanoiie. — Du  m^tamorphisme  plus  ou  moins  reel  des  roches, 

562. 

Des  sources  sulfur^  et  des  eaux  ordinaires,  569. 

Terquem. — Observations  sur  T^tude  de  quelques  Gast^podes 

fossiles  (pi.  11),  574. 
Edm.  Hubert  et  E.  Renevier. — Description  des  fossiles  du  tenain 

nummulitique  sup^rieur,  589. 
Roechlin-Schlumberger. — Coupe  g^logique  des    environs    de 
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des  Helix,  828. 
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£.  Grar. — Son  histoire  de  la  recherche  et  de  Texploitation  des 
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Royal  Astronomical  Society,  Memoirs.     Vol.  xxiii.     1854. 
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Wathen,  G.  H.    The  Golden  Colony ;  or  Victoria  in  1854. 


Digitized  by 


Google 


THE 


QUARTERLY    JOURNAL 


OF 


THE  GEOLOGICAL  SOCIETY  OF  LONDON. 


PROCEEDINGS 


OF 


THE  GEOLOGICAL  SOCIETY. 


March  7>  1855. 

The  following  Communications  were  read  : — 

\.  On  the  Gold-fields  o^Ballarat,  Eureka,  and  Crebwicr 
Creek,  Victoria.     By  M.  Henrique  Rosales. 

[Communicated  by  W.  W.  Smyth,  £aq.,  F.6.S.] 

During  the  voyage  to  Australia  I  carefully  studied  the  Government 
Reports  on  the  gold-fields ;  and  on  my  arrival  I  was  greatly  disap- 
pointed to  find  that  the  same  regulations  were  still  in  force,  which 
entirely  precluded  the  establishment  of  a  regular  eold-wash  work. 
I  had  five  men,  miners  and  others,  bound  to  me  ror  two  or  three 
years ;  and  all  that  remained  for  me  to  do  was  to  follow  the  example 
of  others,  and  try  my  luck  in  the  gold-lottery,  for  success  under  the 
present  system  of  claims  is  a  mere  chance. 

We  first  entered  the  gold-field  of  Eureka ;  but  finding  that,  firom 
the  exhaustion  of  the  shallow  works,  there  was  only  deep-sinking,  we 
proceeded  to  Creswick  Creek,  about  twelve  miles  north  of  Ballarat, 
where  between  November  and  March  I  have  sunk  many  a  hole,  some 
of  which  proved  blanks,  others  were  too  poor  to  pay. 

Ballarat*,  £ureka»  and  Creswick  Creek,  although  not  one  gold- 

*  [See  alflo  Mr.  Wathen's  paper  on  the  Victoria  Gold-fielda,  Quart.  Joum.  Geol. 
Soc  voL  is.  p.  74 ;  and  Mr.  Selwyn  on  Mount  Alexander  District,  ibid,  vol  x. 
p.  299.] 
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field  ''in  law/'  belong  to  the  same  auriferons  tract,  geologicallj 
speaking. 

[On  a  MS.  sketch-map  accompanying  this  memoir,  the  author 
has  laid  down  the  principal  water-courses  and  ranges  for  sereral 
miles  round  CreswicK  Creek,  and  also  Eureka,  but  not  the  interme- 
diate country,  on  account  of  the  distance.] 

In  the  following  description  I  shall  confine  myself  to  the  auriferous 
region  of  the  ''  Ranges,"  for  the  basalt  which  hems  it  in  on  the  east 
and  west  may  be  regarded  only  as  a  frame  to  the  picture. 

The,  general  character  presented  by  the  gold-fields  is  an  undulating 
surface,  with  steeper  slopes  where  the  slaty  rock  protrudes,  and  gentler 
slopes  in  the  low  lands,  where  the  soil  is  composed  chiefly  of  quartz 
debris,  and  is  covered  by  the  monotonous  vegetation  of  the  gum-tree. 
The  features  of  the  gullies  and  hills  are  so  much  alike,  that  when  the 
traveller  has  seen  one  portion  he  knows  the  appearance  of  all.  This 
tract  is  watered  by  creeks,  which  in  summer  generally  dry  up  en- 
tirely unless  they  spring  from  the  basalt :  near  Creswick  Creek  all 
the  springs  flow  from  that  rock ;  andyou  can  tell  their  position  from 
a  distance  if  you  see  a  tea-tree.  The  basalt  forms  plateaux,  not 
thickly  timbered,  but  producing  excellent  grass ;  hence  most  of  the 
squatters  have  picked  out  this  ground  for  their  "  run."  The  general 
aspect  of  the  vegetation  enables  you  to  draw  the  boundary  of  the 
basalt;  for  on  this  rock  the  ''white  gum-trees"  are  predominant, 
whilst  on  the  auriferous  ground  the  "  stringy  bark  gum-trees"  are 
almost  exclusively  seen. 

The  general  geological  character  of  this  tract  is  "quartz-schistose," 
which  is  covered  in  the  plains  by  drift  or  alluvial  soil.  "  Quartz- 
schistose"  is  the  misappHed  term  employed  here  to  signify  an  in- 
definite succession  of  strata  of  clay-slate  and  of  argillaceo-arenaoeo- 
micaceous  slates,  interstratified  apparently,  as  regards  their  strike, 
with  quartz-veins  of  all  sizes.  These  veins,  however,  appear  to  tra- 
verse the  slates  on  their  di])  (figs.  1  and  2),  as  at  Bhuck  Hill  near 
Ballarat,  where  the  quartz-veins  are  regular  lodes. 

Figs.  1  &  2. — Quartz-vein  in  slates  at  Black  Hill,  near  Ballarat. 
Fig.  1.  Rg.  2. 

A 


B 

a,  b,  d.  Slate-rock.      c.  Quartz-vein. 


The  strike  or  bearing  is,  as  far  as  I  have  observed,  generally  north 
and  south,  dipping  very  comimonly  85°  and  more  to  the  east,  bat 
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sometimes  carved^  and  sometimes  to  the  west,  as  towards  Spring 
Hill,  Creswick  Creek. 

It  is  these  quartz-yeins  which  form  the  matrix  of  the  gold. 

Quite  nnoonformahle  to  the  slaty  rocks  is  a  conglomerate  of 
pehhles  of  white  quartz  with  a  rust-coloured  cement.  This  (the 
''iron-cement"  of  the  diggers)  is  the  only  solidified  rock  belonging 
to  the  alluTial  soil,  and  is  found  at  varying  distances,  10  to  20  feet, 
from  the  bottom  of  the  alluvium,  being  sometimes  only  1  or  2  feet 
thick,  at  others  as  much  as  12  feet. 

Where  the  slate-rock  is  covered  by  drift-deposits,  it  is  generally 
decomposed  into  silicate  of  alumina ;  but  not  so  much  disintegrated 
as  to  prevent  your  distinguishing  the  ''pipe-clay,"  which  has  been 
formea  of  the  clay-slate,  from  the  sandy  pipe-day  ("sandstone 
bottom"  of  the  digeers)  resulting  from  the  decomposition  of  the 
arenaoeo-micaceous^ates.  Where  the  strata  are  decomposed  but 
unmoved,  the  strike  and  dip  are  a  sufficient  index  to  distinguish  a 
"  true"  from  a  "  false  bottom,"  i.  e,  whether  the  digger  has  reached 
the  slate,  or  has  still  to  penetrate  more  of  the  alluvial  deposits.  For 
want  of  observation  of  this  kind,  some  holes  have  not  been  "  bot- 
tomed" at  once,  whilst  one  at  Bendigo  penetrated  200  feet  down  into 
the  slate  in  a  vain  search  for  another  bottom.  Although  the  "  pipe- 
day"  consists  prindpall^  of  silicate  of  alumina,  it  retains  sufficient 
potash  mechanically  mixed  with  it  to  render  brackish  the  water 
which  filters  throush. 

The  drift  or  aUuyial  deposit  sometimes  includes  two  "bearing 
beds"  (charriages),  containing  gold.  The  lower  of  these — ^beginning 
from  the  base  of  the  whole — consists  of  large  quartz-boulders,  some- 
times of  4  or  5  cubic  feet  volume,  which  always  indicate  the  run  of 
the  auriferous  ground ;  and  these  are  covered  by  gravels,  sands,  and 
days,  without  any  regular  order  of  superposition. 

From  the  absence  of  basaltic  boulders,  and  from  my  observation 
of  basalt  overlying  the  auriferous  detritus  at  Clark's  Diggings,  I  con- 
sider the  gold-bearing  beds  to  be  older  than  the  eruption  and  flow  of 
the  basalt,  although  this  is  followed  up  by  the  detrital  beds  of  more 
recent  date. 

Hence  results  the  important  fact,  that  the  gold  may  sometimes  be 
found  beneath  the  igneous  rock. 

The  alluvial  deposits  may  thus  be  divided  into, — 

A.  Before  the  eruption  of  basalt  and 
the  "charriage"  of  basalt-boulders. 

B.  Contemporaneous  with  charriage  of 
basalt-boulders. 

C.  Newer  beds  covering  the  basalt- 
boulders,  but  older  than  the  forma- 
tion of  the  existing  valleys. 

At  Creswick  Creek  the  "charriage"  seems  to  come  from  the  east 
and  south-east ;  but  my  endeavours  to  trace  it  have  been  foiled  in 
approaching  the  Eanges,  where  it  splits  up  into  many  branches. 
When  thus  tracked  up,  the  bed  of  the  charriage  shows  signs  of 

2e2 


I.  Older  than  basalt 

II.  Newer  than  basalt. .  •< 
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having  been  disturbed,  as  for  instance  on  *' Flour-bag,"  Creswick 
Greek,  where  the  auriferous  layer  sometimes  crops  out  on  the  top  of 
a  hill,  and  is  separated  from  the  next  depression  by  a  ridge  of  slate, 

Fig.  3.-^Svperfieial  auHferoua  depotita  at  Flour  Boff,  Cruwiek  Creek. 

Slaty  Ridge. 


w 


Slate-rock. 

whilst  on  both  sides  it  is  found  at  a  depth  of  30  and  45  feet  below 
the  bottom  of  the  existing  gullies,  which  run  nearly  north  and  south. 
See  ^g.  3. 

A  great  portion  of  these  inequalities  of  the  gold-charriage  are  so 
covered  by  the  more  recent  alluvium,  that  the  relief  of  the  present 
surface  does  not  in  the  least  correspond  with  that  older  bed.  In 
direction  also,  or  strike,  it  differs  entirely  from  the  modem  water- 
courses, as  for  example  at  Creswick  Creek,  where  the  auriferous  run 
crosses  the  flat  formed  by  the  present  creek,  and  proceeds  to  "  Flour- 
baff,"  "White  Hill,"  the  "New  Rush"  (a  place  which  I  opened, 
and  which  has  turned  out  the  richest  in  tins  locality),  "  Hard  Hill," 
"  Little  Hard  Hill,"  "  Iron  Hill,"  and  down  to  "  Large  Point."  In 
practice  it  is  therefore  useless  to  put  down  a  hole  according  to  the 
relief  of  the  soil,  although  I  am  informed  it  is  not  so  at  Forest  Creek, 
on  the  Bathurst  side. 

The  inequalities  above  described  I  am  inclined  to  ascribe  to  a 
disturbance  at  the  period  of  the  eruption  of  the  basalt,  although  I 
must  admit  that  1  have  not  observed  proofs  of  it  in  the  slaty  rock, 
and  I  should  infer  that  its  beds  had  been  raised  and  sunk  like  wedges 
in  the  direction  of  its  cleavage. 

Thus  far  I  have  only  spoken  of  one  gold  "charriage;"  but  in 
Ballarat,  I  believe,  we  may  distinguish  two: — 1st,  the  deep  bed, 
with  boulders  of  moderate  size ;  2nd,  the  shallow  bed,  with  large 
boulders. 

The  deep  bed  of  Ballarat  is  formed  of  several  "  lines"  (as  the  dig- 
gers say),  or  ancient  water-courses,  of  no  great  width,  which,  although 
they  crop  out  on  the  Ranges,  attain  a  depth  of  120  and  130  feet, 
and  have  acquired  for  Ballarat  its  great  celebrity. 

The  course  of  this  " deep-sinlong"  charriage  is  as  follows: — 
1st  line,  the  Eureka,  which  I  believe  will  join  with  that  near  Penny- 
weight Flat;  2nd,  the  New  Chum,  Canadian,  Donald's  Flat,  and 
Gravel  Pits,  this  bemg  the  furthest  point  at  which  deep-sinking  has 
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prored  the  "nin  of  the  line."  My  impression  is,  that  it  would  he 
found  proceeding  farther  to  the  north-west,  under  the  hasalt. 

The  shallow  hed  is  found  across  Pennyweight  Flat,  Grolden  Point, 
and  Ballarat  Flat,  whence  I  belieye  it  would  pass,  like  the  other, 
under  the  basalt.  It  is  distinguished  firom  the  former  by  its  insig- 
nificant depth,  its  width,  sometimes  amounting  to  a  fuU  half-mile, 
and  its  much  hu^r  boulders ;  and,  whilst  in  the  former  the  gold  runs 
in  ffutters,  here  it  occurs  in  patches. 

In  conclusion,  regarding  tne  future  prospects  of  the  gold-field,  the 
dig|;ers  will  continue,  as  at  present,  to  follow  up  the  alluTial  beds, 
mitil  after  a  time  they  are  prerented  by  the  great  expense  of  labour 
required  to  reach  them ;  and  then  the  sold  regulations  will  have  to 
be  altered,  and  companies  may  be  established  and  go  to  work  in  a 
proper  way.  It  is  only  then  that  the  deeper  beds  and  the  auriferous 
▼eins  can  be  fairly  opened  on  with  due  prospects  of  success ;  but  how 
many  changes  must  take  place  before  tnis !  Laws,  wages,  roads,  &c., 
all  must  change  I 

2.  On  the  GsoLOGY  of  part  of  the  Pbel  River  District  tn 
Australia.    By  Frederick  Odernheimer,  Esq. 

[Commimioted  by  Sir  R.  I.  Morchiioii,  V.P.O.S.] 

Near  the  Dividing  Range  of  Australia,  to  the  east  and  to  the  west, 
igneous  rock  and  metamorphosed  sedimentary  rocks  prevail,  together 
with  breccias  and  conglomerates,  composed  of  both  of  the  preceding 
kinds.  At  a  greater  distance  from  the  Dividing  Ranse,  slates,  shales, 
limestone,  and  grits,  belonging,  as  it  appears,  to  the  older  carboniferous 
system,  predominate ;  these  are  much  traversed  by,  or  sometimes  re- 
gularly interstratified  with  igneous  rocks,  and  are  overlaid  at  some 
distance  firom  the  Dividing  Range  by  coal-bearing  beds,  the  age  of 
which  is  yet  a  matter  of  controversy. 

In  the  Peel  District,  of  which  I  shall  exclusively  speak  in  the  fol- 
lowing remarks,  true  granite  occurs  but  rarely.  By  becoming  much 
charged  with  hornblende,  it  passes  into  syenite,  and  this  latter, 
assuming  a  fine-grained  or  compact  structure,  passes  into  diorite. 
Porphyntic  roclu  appear  in  different  places,  ana  have  either  a  gra- 
nitic base-,  felspar-  and  homstone-porphyry  (felsit-porphyr  of  the 
Germans),-— K>r  a  eyemiie  or  dioritic  base.  Serpentine  is  also  vastly 
developed,  especiaUy  on  the  Crow-land,  or  east  side  of  the  Peel. 
Trap  or  basalt  is  of  less  firequent  occurrence  in  the  Peel  District,  and 
is  partly  in  the  form  of  veins,  partly  intruded  between  the  strata  of 
seoimentaiy  rock  and  forming  beds  parallel  to  the  strata. 

In  contact  with  the  igneous  rocks  is  a  great  extent  of  meta- 
morphosed sedimentary  rocks,  especially  silicified  slate.  The  silici- 
fication  of  the  sedimentary  rocks  is  a  remarkable  and  very  obvious 
fact,  and  will  nowhere  be  found  to  greater  amount  than  in  this 
locality,  and  all  along  the  Dividing  Range ;  only  in  rare  cases  some 
insulated  masses  of  soft  slate  are  observed,  enveloped  in  the  meta- 
morphosed rock.    Not  only  has  the  slate  partaken  of  the  siUcification* 
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but  £he  limestone  also  has  undergone  the  same  change.  In  doae 
connexion  with  the  silicified  rocks  are  found  over  a  Tast  area  breo- 
ciated  rocks,  either  assuming  the  character  of  siliceous-slate-brecda, 
or  of  a  compound  of  dioritic  and  siliceous  rock,  approaching  on  one 
side  to  diorite,  on  the  other  to  siHceous  slate.  The  Umestone  in  the 
same  region  is  also  commonly  brecdated,  containing  angular  frag- 
mentary particles  and  masses  of  siliceous  rock,  which  increase  some- 
times in  such  a  degree  as  to  supplant  the  hmestone  in  part  or  com- 
pletely. Hence  one  and  the  same  bed  of  limestone  may  be  found  in 
one  place  pure,  fiirther  on  passing  into  a  brecciated  Umestone  with 
frasments  of  dhceous  rock,  and  still  further  into  a  siliceous  breccia 
with  enclosed  fragments  of  hmestone,  which  diminish  at  a  greater 
distance,  and  even  disappear  altogether,  when  there  only  appears  a 
siUceous  brecda  containing  more  or  less  ca.lcareous  matter.  The 
fragments  of  hmestone  in  Uie  siliceous  breccia  are  highly  crystalline, 
and  all  traces  of  fossils  are  generally  wanting. 

Associated  with  the  siHcified  slate  quartzose  homblendie  rock 
occurs  to  a  great  extent.  Near  granite  a  metamorphic  rock  re- 
sembling gneiss  and  micar^chist  has  been  observed  in  a  limited 
area. 

The  silidfication  seems  to  be  most  developed  near  the  serpentine, 
the  altered  rock  being  there  in  a  gr^t  measure  intersected  by  quartz 
veins,  or  so  highly  charged  with  silex,  that  layers  of  pure  quarts 
appear  interlaminated  with  the  sihcified  slate.  Also  near  serpentine 
cavernous  chalcedonic  masses  occur,  and  opal. 

There  can  be  httle  doubt,  that  the  igneous  rocks  were  intruded  when 
the  slaty  rocks  and  limestone  were  just  in  the  process  of  being  formed, 
and  the  two  masses  have  influenced  each  other  in  their  composition. 
Even  the  igneous  rocks,  syenite,  diorite,  and  porphyrv,  are  much 
more  overcharged  with  siHceous  matter  than  I  ever  before  had  the 
opportunity  of  observing.  The  brecciated  rocks,  so  extensively  dis- 
tributed, show  equally  the  mutual  influence  of  igneous  and  sedi- 
mentary rocks.  The  siUcified  slates  are  sometimes  much  contorted 
and  twisted,  especially  near  serpentine. 

The  breccia  passes  sometimes,  but  not  commonly,  into  conglo- 
merates with  rounded  particles  of  rock,  which,  however,  are  to  be 
distinguished  from  the  superficial  conglomerates,  composed  of  oon- 
sohdated  drift  of  more  or  less  recent  date. 

At  a  greater  distance  from  the  Dividing  Range  and  the  high  spurs 
which  descend  from  it,  and  which  for  the  most  part  diminish  rapidly 
in  height,  there  occurs  a  great  extent  of  soft  slate,  interstratified 
with  more  compact  beds,  from  half  an  inch  to  several  feet  in  thick- 
ness, and  charged,  as  it  appears,  with  dioritic  and  siHceous  matter, 
but  rarely  assuming  the  character  of  grits  or  sandstone.  True 
diorite  is  also  observed  interstratified  with  slate,  sending  out  in  some 
cases  veins  into  the  latter  rock,  and  causing  a  siHdfication  of  the 
nearest  layers  to  a  small  distance.  In  the  same  manner  felspar- 
porphyry  (felsit-porphyr)  and  syenite  occur  also  in  beds  in  the 
slate,  without  visibly  disturbing  the  latter.  Brecciated  rock  appears 
in  large  layers  near  the  Dividing  Raoge,  but  these  are  more  rarely 
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met  mih  at  a  greater  distance.  The  slate  contains  also  small  beds 
of  limestone,  which  increase  in  some  localities  to  large  masses. 
Where  the  soft  slate  predominates,  and  also  in  rare  spots  nearer  the 
metamorphosed  rocks,  traces  of  fossil  plants  (Lepidodendron)  have 
been  observed  in  the  slate.  The  limestone,  where  it  is  less  metamor- 
phosed (silicified  and  brecdated),  contains  plentifnl  remains  of  Corals, 
which  are  especially  observed  on  the  corroded  surface,  and  generally 
chared  with  siliceoas  matter.  Shells  are  of  rare  occurrence  in  the 
district  of  my  immediate  researches.  The  determination  of  the  species 
of  those  fossils  I  must  leave  to  better  authorities  at  home. 

In  the  area  of  the  greatest  development  of  igneous  and  meta- 
morphosed rocks  on  both  sides  of  the  Peel  Biver,  and  higher  up  to 
the  Dividing  Range,  is  the  locality  of  the  gold-bearing  quartz-veins 
in  this  district.  These  veins  are  either  parallel  to  the  general  strike 
of  the  rocks  (N.N.W.  to  S.S.E.,— north  30°  west  to  south  30''  east), 
or  transverse  to  the  strike  (E.N.E.  to  W.S.W.,— east  25°  north  to 
west  25°  south).  The  veins  are  generally  of  small  size,  and  seldom 
exceed  one  foot  in  thickness ;  they  occur  for  the  most  part  in  dioritic 
rock,  and  in  dioritic  and  siliceous  breccia,  but  appear  to  be  the 
richest  in  true  diorite.  As  far  as  actual  trials  have  shown,  the  veins 
are  in  general  not  very  regular,  being  often  cut  off  and  shifted,  or  they 
lose  themselves  in  small  strings  in  the  direction  of  the  strike  as  well 
as  in  that  of  the  dip,  widening  again  at  a  short  distance.  In  those 
few  veins  which  are  opened  by  trenches  and  shafts,  the  occurrence 
of  gold  is  confined  to  the  decomposed  upper  parts  or  outcrops, 
^edally  where  these  appear  disintegrated  and  partly  drifted, 
l^ere  ihe  veins  become  more  compact  at  a  greater  depth,  gold  is 
not  visible,  but  iron-pyrites  are  observed  in  more  or  less  quantity. 

I  may  not  be  justmed  bv  those  few  instances  to  form  a  decided 
opinion  on  the  formation  of  the  gold,  but  these  very  instances  leave 
no  doubt  in  my  mind  that  the  gold  is  derived  from  auriferous  iron- 
pyrites.  The  upper  parts  of  the  gold-bearing  quartz-veins,  which 
have  been  tried,  showed  a  hiffh  degree  of  decomposition, — ^the  upper- 
most portion  must  have  undergone  a  hydro-cnemical  process ;  the 
quartz  appears  in  loose  and  often  complete  crystals  newly  formed, 
among  which  the  gold  is  interlaced  with  more  or  less  crystalline 
structure.  This  crystalline  outcrop  of  the  veins  has  generally  been 
partly  drifted.  The  more  compact  portions  of  the  outcrop  show 
also  some  gold  as  a  coating  on  the  surfaces,  or  in  chinks  in  the 
mass  itself,  but  not  reaching  far  down,  where  the  vein  is  less  cry- 
stalline and  cavernous.  In  favourable  occasions,  however,  this  de- 
composition has  gone  on  even  to  a  considerable  depth  ;  but  the  most 
auriferous  auartz-veins  confirm  the  observation,  that  gold  appears 
chiefly  Jit  tne  outcropping.  Auriferous  iron-pyrites  in  those  veins 
where  they  occur  in  sufficient  quantity  and  riclmess  must  be  looked 
for  in  future  minins  operations.  I  had  the  opportunity  of  studying, 
in  many  localities,  Uie  decomposition  of  the  upper  parts  of  veins,  and 
I  am  led  to  the  opinion,  that  the  appearance  of  gold  is  most  naturally 
accounted  for  by  such  decomposition.  Hydrated  oxide  of  iron  is 
abundantly  spread  over  those  parts  where  gold  occurs,  and  the  source 
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of  this  iron  oxide  can  be  traced  to  the  pyrites  m  the  lower  parts  of 
the  veins,  to  which  the  decomposition  has  not  reached. 

This  opinion  of  the  fonnatibn  of  the  native  gold  does  not  interfere 
with  the  theory  of  the  relatively  new  origin  of  tiie  gold-bearing 
Quartz-veins  themselves,  but  only  has  reference  to  the  nature  of  the 
oistribution  of  the  gold  in  the  veins.  At  an  early  period  after  the 
formation  of  the  veins,  the  decomposition  of  the  upper  parts  may 
have  gone  on  at  a  mudi  quicker  rate,  assisted  by  hot-water  springs ; 
but  the  appearances  at  present  seem  to  imply  that  this  decompo- 
sition is  still  being  carried  on,  although  in  an  imperceptible  manner. 
The  barren  quartz-veins  belong  to  the  same  system  with  those  bearing 
gold,  but  are  eeneraUy  more  compact,  very  rarely  containing  iron* 
pyrites ;  and  their  close  structure  allows  of  no  decomposition. 

A  great  deal  of  the  drift-gold  is  to  be  referred  to  the  gold-bearing 
quartz-veins.  But  the  decomposed  and  disintegrated  surfaces  of 
rocks  containing  iron-pyrites,  such  as  hornblende-rock,  syenite,  dio- 
rite,  porphyry,  and  breccia  in  the  Peel  District,  which  contain  pvritea 
abundantly,  although  in  small  specks,  are  also  to  be  regarded  as  a 
source  of  gold.  In  several  diggings  here  and  in  the  Bathurst  District 
(especially  at  Barandong  on  the  Macquarrie,  near  Wellington)  gold 
is  found  without  any  trace  of  quartz-pebbles,  and  can  only  be  referred 
to  the  rock  itself. 

For  the  formation  of  a  rich  gold-field,  however,  the  gold  from 
these  two  mentioned  sources  must  have  undergone  a  concentration 
by  drifting  in  water,  in  a  strong  stream  moving  ne»yy  boulders  and 
depositing  the  gold  in  favourable  situations,  and  partnr  cleaned  from 
the  admixture  of  earthy  materials.  The  formation  of  the  drift-gold 
is  so  well  known,  that  there  appears  very  little  left  to  be  said  about 
it.  I  will  only  remark,  that  tne  newest  alluvial  soil  is  observed  to 
be  perceptibly  richer  near  gold-bearing  quartz-veins ;  showing  that 
the  disintegration,  if  not  the  decomposition,  of  these  veins  is  still 
going  on. 

Besides  gold,  ores  of  copper  and  of  antimo^  have  been  observed. 
A  high  and  remote  hilly  country  of  the  <'  Peel  Kiver  Land  and  Mineral 
Company's"  estate  still  remains  to  be  minutely  examined,  and  I  look 
for  new  discoveries  there.  Chromate  of  iron  is  found  in  large  masses 
in  serpentine.  Bed  oxide  of  iron  (Juematite)  is  of  frequent  occur- 
rence. Magnetic  and  titaniferous  iron  is  disseminated  in  minute 
particles  in  the  rock,  and  abundantly  met  with  in  the  deposits  of  drift- 
gold.  Traces  of  precious  stones— zircons  (hyacinths)  and  corundum 
(sapphire) — ^have  been  recognized*.  I  am  very  attentively  loolsing 
out  for  them,  fui  for  other  discoveries,  and  I  hope  to  be  able  to  give, 
in  future  letters,  some  farther  observations,  basect  on  accurate  chemical 
assays,  especially  of  the  iron^pyrites  contained  in  the  quartz-veins 
and  in  the  rock. 

Cann's  Plains,  Peel  Biyer,  New  Sooth  Wales, 
September  8, 1854. 

*  [See  also  Mr.  6.  M.  Stephen's  paper  on  Australian  Gems,  Qoart.  Joum.  Geol. 
8qc  Yol.  X.  p.  303.] 
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3.  On  the  Oeeurrenee  of  Obsidian  Bombs  in  the  Auriferous 
AixuYiA  of  Nbw  South  Wales.  By  the  Ber.  W.  B.  Cvakke, 
M.A.,  F.G.S. 

[Abridged.] 

In  Mr.  Darwin's  *  Geological  ObservatioiiB  on  the  Volcanic  Islands 
▼isited  during  the  voyage  of  H.M.S.  Beagle'  (p.  38),  that  author 
describes  and  figures  a  volcanic  bomb  of  green  obsidian  from  the  plain 
between  the  Rivers  Darling  and  Murray,  and  which  he  received  from 
Sir  T.  L.  Mitchell. 

The  explanation  given  b^  Mr.  Darwin  appears  to  be  satisfactory 
as  to  the  origin  of  that  individual  specimen,  and  it  is  confirmed  by 
the  parallel  examples  cited  from  M.  Beudant.  Sir  T.  L.  Mitchell's 
speamen  would  seem  either  to  have  been  drifted  from  a  very  long 
distance,  or,  which  is  more  likely,  from  the  known  habits  of  the 
aboru;ii]als,  to  have  been  dropped  by  one  of  them,  who  probablr 
found  it  in  the  trap-hills  of  the  Lachlan  to  the  north-eastward. 
This  specimen  was  unique  as  to  Australia,  until  recently. 

Dunng  the  last  two  years,  several  similar  specimens  have  been 
found  in  the  auriferous  detritus  of  the  western  and  northern  Gold- 
fields. 

The  first  which  I  met  with  was  found  in  the  cradle  of  a  gold-washer 
on  the  Turon  Biver,  who  dug  it  from  a  depth  of  30  feet  below  the 
surface.  This  was  a  small,  irregular,  roundish  substance,  0*6  inch, 
in  diameter,  having  a  specific  ^vity  of  2*7  at  a  temperature  of  66°. 
It  was  undivided,  and  more  like  those  examples  described  by  M. 
Beudant  than  the  fi^;ure  given  b^  Mr.  Darwin.  A  similar  specimen^ 
but  of  a  rude  elliptical  form,  ^  mch  diameter  in  the  major  axis,  and 
having  a  sp.  gr.  of  2' 57  at  a  temperature  of  63^,  was  found  in  the 
washing-stuff  of  the  Uralla,  or  Bocky  Biver,  County  of  Hardinge, 
New  England  District. 

From  the  same  locality  were  derived  two  other  specimens,  which 
I  have  examined.  These  are  perfectly  round,  having  diameters 
respectively,  including  the  rim,  of  i  inch  and  about  j-  inch.  These, 
except  in  shape  and  in  the  extension  of  the  cells  over  the  rims  as  well 
as  in  the  nucleus,  agree  with  Mr.  Darwin's  figure.  Their  colour  is 
also  bottle-green,  and  they  are  translucent ;  the  surface  appearing 
black  in  the  thicker  portions,  as  in  Mr.  Darwin's  specimen.  But  this 
blackness  does  not  arise  firom  any  difference  in  the  composition ;  it  is 
merely  the  effect  of  greater  opacity.  The  external  concentric  rings 
are  evident  in  all  three.  The  specific  gravity  of  those  from  the  Urs^ 
is,  respectively,  2*42  and  2*51  at  a  temperature  of  63^.  The  smaller 
very  much  resembles  a  button  without  the  shank ;  and,  from  this 
ap]^earance,  the  diggers  call  them  *' button  stones."  They  appear 
as  if  they  had  been  cast  in  a  mould ;  but  there  is  no  reason  to  doubt 
the  imputed  origin. 

The  alluvia  of  the  Uralla,  which  rises  in  granite  and  flows  through 
rocks  of  that  class  for  many  miles,  consist  of  mud  and  sand  (sur- 
rounding *' boulders"  of  granite,  in  the  decomposing  exfoliative 
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Borfaces  of  which  gold  is  visible),  derived  from  decomposed  mnite, 
toother  with  fragments  and  pebbles  of  granite,  quartz,  altered  schist, 
gnt,  and  an  enormous  amount  of  coarse  garnets,  spinelle  rubies, 
white  topazes,  blue  and  black  tourmalines,  some  oxide  of  tin,  natiye 
white  iron  highly  magnetic,  cornelian,  sapphires,  chalcedony,  &c. 

The  river  rises  near  the  summit  of  the  Dividing  Range,  in  the 
midst  of  a  kind  of  plain  or  plateau,  and  winds  amidst  the  rugged 
blocks  of  hornblendic  granite,  until  it  descends  to  a  somewhat  lower 
level  where  it  forms  flats  with  deep  water-holes,  in  which  the  detritus 
is  accumulated.  The  ranees  above  this  lower  stage  are  nearly  on  a 
level  with  the  plateau  at  Uie  head  of  the  river,  and  these  ranges  are 
crested  by  basalt,  which  has  issued  from  and  overflowed  the  granite. 
The  gold-washings  are  at  the  height  of  2800  feet  above  the  sea,  by 
my  barometric  observations,  and  the  crowning  basalt  has  an  elevation 
of'^SOSS  feet. 

The  contour  of  the  countir  and  its  ^loffical  structure  render  it 
probable  that  these  bombs  above  mentioned  had  their  origin  in  the 
outburst  of  the  trap. 

About  four  miles  further  south  are  the  relics  of  quartziferous 
schists  and  their  associated  grits,  which  have  been  transmuted  by 
the  intrusion  of  various  trappean,  porphyritic,  and  trachytic  rocks ; 
and,  though  no  direct  crater  i^  traceable,  there  is  evidence  of  power- 
fal  igneous  action*.  As  the  detritus  is  all  local,  and  there  is  no 
easily-assifi;nable  crater,  it  seems  most  satisfactory  to  conclude  that 
these  bombs  are  connected  with  the  trap-eruption  of  the  neighbour- 
hood. This  seems  also  in  accordance  with  the  facts  mentioned  by 
Mr.  Darwin  respecting  the  structure  and  products  of  Ascension,  where 
such  bombs  are  frequent,  and  basaltic  streams  cover  other  igneous 
products,  some  of  which  are  trachytic. 

Whether  this  explanation  is  sufficient  or  not,  the  facts  themselves 
are  interesting ;  for  these  singular  bodies  have  been  found  in  three 
localities  in  Australia,  at  intervals  of  455  and  205  miles  apart, — 
the  distances  from  the  Murray  and  Darling  Plain  to  the  Turon,  and 
from  the  Turon  to  the  Uralla.  That  they  could  have  had  only  one 
point  of  origin  is  scarcely  to  be  supposed,  if  they  are  really  of  sub- 
aerial  volcanic  origin :  in  two  of  tne  three  localities,  at  least,  there 
is  presumption  of  such  action ;  and  in  both  of  these  localities  the 
bombs  were  imbedded  in  gold  deposits. 

*  This  district  and  the  geological  phenoment  are  described  in  my  Report  to 
the  Government  of  New  South  Wales  on  the  "  auriferous  character  of  the 
country  between  the  heads  of  the  M'Leay  and  Owydir  Rivers,"  No.  VII.,  dated 
Armidale,  14th  Feb.  1853. 
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4.  On  the  Occurrence  of  Fossil  Bones  in  the  Auriferous  Al- 
luvia of  Australia.  By  the  Eev.  W.  B.  Clarke,  M.A., 
F.G.S. 

In  a  pamphlet  pahlished  by  me  at  Sydney  in  1851  *»  I  mentioned 
the  fact,  that  the  gold-alluyia  of  New  South  Wales  contained  osseous 
reliquise  of  extinct  animals,  and  I  quoted  a  private  letter  from  San 
Francisco,  dated  23rd  February  1850,  showing,  that  bones  of  extinct 
Miimitlg  have  been  also  found  in  the  gold-alluyia  of  Califomiaf .  The 
inference  was,  that,  in  this  respect,  there  is  a  resemblance  in  the 
alluyia  of  the  two  countries.  These  facts  were,  I  beheye,  first  men- 
tioned by  myself;  for,  though  it  was  known  long  before,  that  the 
alluvia  and  caverns  of  New  South  Wales  contained  numerous  remains 
of  extinct  animals,  no  one  had  before  ascertained,  that  in  some 
localities  these  remains  had  been  accumulated  in  the  bottoms  of 
creeks  contemporaneously  with  gold,  before  much  of  the  materials 
forming  the  present  banks  of  those  creeks  had  been  deposited.  In 
1853  I  received  direct  information  from  Professor  John  B.  Trask,  of 
California,  confirming  the  facts  stated  in  the  private  correspondence 
above-mentioned,  as  to  the  manner  in  which  the  extinct  mammalia 
of  that  State  have  been  exhumed  by  the  gold-diggers  north  of  the 
Consumnes  and  the  Tuolumne.  He  bears  testimony  also  to  their 
occurrence  in  that  district,  in  his  "  Report  on  the  Geology  of  the 
Sierra  Nevada"  (p.  11),  1853. 

Interesting  to  the  Society  as,  I  presume,  such  well-authenticated 
facts  must  be,  the  following  section  of  one  of  the  auriferous  localities 
on  the  Turon  River,  New  South  Wales,  will  illustrate  them ;  espe- 
cially as  this  locaUty  is  on  the  plateau  or  table-land  above  the  river, 
at  the  head  of  a  jcreek  descending  to  it.  It  will  be  seen,  that  the 
diagram  (p.  406)  offers  some  points  of  resemblance  also  to  that  which 
illustrates  the  occurrence  or  auriferous  alluvium  with  Mammoth 
remains  at  Berezof,  at  p.  478  of  Sir  R.  Murchison's  '  Geology  of 
Russia  and  the  Ural  Mountains.' 
The  bones  are  partly  decayed,  the  interior  cavities  filled  with 
enish  clay,  effervescing  with  adds,  which  also  surrounds  the 
er  fragments.  They  appear  to  have  been  partially  decomposed 
.jfbre  they  were  imbedded  in  the  gold-beanng  stratum.  They 
adhere  strongly  to  the  tongue,  and  in  some  instances  are  easily  pul- 
veiized  by  pressure.  Their  presence  would  imply,  that  the  gold  in 
this  deposit  was  collected  at  a  comparatively  recent  date.  As  the 
bones  appear  to  be  similar  to  those  which  are  found  in  the  banks  of 
the  creeks  on  Darling  Downs  to  the  northward,  where  shells  of  living 
species,  now  inhabiting  the  same  creeks,  are  attached  to  the  bones» 
the  period  of  the  accumulation  of  the  gold  on  Wattle  Flat  was 
certamly  at  no  very  ancient  geological  period. 

*  "  Plain  Statements  and  Practical  Hints  respecting  the  Working  of  Gold  in 
Australia." 

t  [For  a  Notice  of  the  Gold  District  of  Upper  California,  see  Quart.  Jonrn. 
GeoL  Soc  vol.  x.  p.  308.] 
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But  as  they  occur  on  the  plateau  or  table-land  above  the  TwKm, 
that  river  has  had  nothing  to  do  with  the  accumulation  and  deposit. 
Thej  muBt  owe  their  transport  to  some  cause  of  wider  operation  than 
a  river. 

Seetian  of  Wattle  Flat  (a  dead  level),  head  of  Oaky  Creek  above 
the  Turon  River,  New  South  Walee. 


Gold 
•nd     1 
Bones. 


ft.  in.  (No.  6.) 

U  1  to  1    6  /  WhitUh-grey,   febptthic,  sandy  mail,  ester* 
^  \     naUy  like  chalk. 


(No.  5.) 


5  ...7 


{Sandy  day,  with  ferruginoiiB  patdies  and  peb- 
bles of  ironstone;  also  cubes  of  black  pyrites. 


7    0 


(No.  4.) 
r  Ui^y  micaceous,  mariy,  and  sandy  day,  with 


1  ...  1    6 


small  pebbles. 


(No.  3.) 
'  Brown  unctuous  day,  with  small  shingle  of 
ironstone ;  trap  and  red  quartz  breoda. 

(No.  2.) 


f  Buff-coloured  day,  with  pebbles  of  tnp,  i 

g  J      stone,  and  quartz.    This  is  the  '*wadunr- 

I      stuif "  of  the  diggers,  and  contains  goio. 

L     The  position  of  the  bones  is  seen  in  the  sketdi. 

(No.  1.) 
r  **  Bed  "  or  underlying  rock,  a  deeomposin(» 
...  J      feiTuginons,  siliceous  trap,  fiUed  with  minute 
1      cubes  of  black  striated  pyrites. 


The  occurrence  of  fossil  remains  of  extinct  ^gantic  ammals  of 
living  genera  is  now  known  to  be  a  much  more  general  phaenomeniNi 
in  Australia  than  it  was  supposed  to  be.  Besides  at  the  Condamine» 
Wellin^n,  and  Boree,  and  Mount  Maoedon  in  Victoria,  I  have  Utety 
had  evidence  of  their  existence  in  various  other  places,  such  as  at 
the  head  of  the  Coodradigbee  Biver;  on  the  Murrembidcee ;  on  the 
Turon ;  at  Mudgee  on  the  Gudgeaong  Biver ;  on  Teratbeile  Greeks 
a  water  of  the  Namoi  basin,  where  they  occur  in  enormous  abundance 
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beneath  the  aUuyud  soil  at  GkJandaddsi,  near  Melyille  Plains,  at  a 
depth  below  the  sor&oe  Taiying  from  15  to  100  feet ;  at  Dart  Brook 
14  the  Basm  of  the  Hnnter ;  on  Paterson  River ;  and  as  far  north  as 
the  head  of  the  Dawson  River;  besides  some  places  east  of  the  Main 
Chain  between  Darling  Downs  and  the  Moreton  Bay  countiy.  They 
are  thus  found  throu^out  a  range  of  eleven  degrees  of  latitude,  and 
at  heights  varying  from  100  feet  below,  to  1600  feet  and  upwards 
above  the  sea-level.  Mr.  Stutchbury  haa  reported  other  localities 
besides  those  enumerated,  in  the  same  ranse  of  oounti^. 

It  is  not  probable  that  the  destruction  of  all  the  ammals  of  which 
there  are  rdics  was  at  one  time ;  but  it  does  appear  that  their  en- 
tombment in  alluvial  deposits  at  such  varied  elevations,  if  by  one 
catastrophe,  would  imply  the  march  of  waters  over  the  whole  of  thb 
part  of  the  continent  of  New  Holland.  And,  thero  are  geological 
reasons  for  concluding,  that  as  in  California,  so  in  New  South  Wales, 
a  great  part  of  the  now  dry  interior  was  under  water  at  the  time 
when  these  gigantic  creatures  wero  buried ;  and  it  is  probable  their 
destruction  at  last  was  connected  with  the  final  outbreak  of  i^eous 
forces  which  changed  the  horizon  of  considerable  tracts,  draimne  by 
disruption  many  local  reservoirs,  and  introducing  a  state  of  thmgs 
mcompadble  with  the  existence  of  animals  which  required  conditions 
of  Ufe  which  only  now  obtain  in  an  inferior  degree.  In  California, 
**  volcanic  tufit"  covers  the  "diluvial  drift  "  wUch  contains  the  re- 
main]^ of  gigantic  mammals ;  and  in  the  interior  plains  of  New  Hol- 
land, bhu^  soil,  the  disintegrated  spoils  of  numerous  trappean  over- 
flows, covers  up  wide  tracts  of  alluvial  deposits,  in  and  below  which 
are  found  the  retics  of  Maeropus,  Diprotodon^  Nototherium,  Croco- 
diles and  other  Saurians  *,  and,  as  recently  discovered  by  Mr.  Stutch- 
bury, the  remains  of  Fish  f . 

whatever  be  the  epoch  of  the  last  trappean  eruptions  (and  there 
is  no  real  datum  upon  which  to  found  a  belief  in  the  absence  of  the 
secondary  and  older  tertiary  formations^  in  New  South  Wales,  this 
however  is  certain,  that  in  some  locahties  gold  has  been  drifted 
(thoush  apparently  not  very  far)  and  deposited  contemporaneously 
with  me  now  fossilized  remains  of  animals  that  tived  close  up  to  the 
historic  period,  if  not  within  it;  but  at  the  same  time  it  must  be 
observed,  that  the  disintegration  of  the  auriferous  rocks  from  which 
the  gold  was  accumulated  commenced  long  before,  and  in  the  case  of 
stiU  existing  gold-bearing  veins  and  beds  has  not  yet  been  completed. 

If  the  occurrence  of  volcanic  bombs  (as  illustrated  in  another 
paper  %}  in  the  auriferous  alluvium  of  the  Turon,  on  which  the  bones 
aro  found,  as  well  as  of  the  Uralla  River,  be  considered  with  referonce 
to  igneous  asents  as  causes  of  surface  phaenomena,  as  well  as  of 
destruction  of  animal  life,  it  will  be  seen  that,  though  the  distance  of 
the  Turon  is  160  miles  from  the  Uralla,  and  there  is  no  topogra- 

*  See  Bev.  W.  B.  Clarke's  Raport  to  the  GoTemment  of  New  South  Wales,  on 
the  Geology  of  the  Basin  of  the  Condamine  River,  (No.  10)  14th  October  1853. 
t  See  Mr.  Stiitchbnry's  Twelfth  Report  from  South  Brisbane,  1  January,  1854. 
i  See  above,  p.  403. 
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phical  connexion  between  them,  there  is  probably  a  connenon  of 
another  kind,  which  is  of  far  more  importance  to  the  elucidation  of 
Uie  past  history  of  New  Holland,  and  this  connexion  seems  indicated 
by  the  discoveir  of  actual  voUanic  products,  and  the  association  of 
gold  and  animal  remains. 

[Specimens  of  the  various  strata  on  Wattle  Flat,  collected  by  Mr. 
Johnstone,  Assistant-Grold-Commissioner  at  Sofala,  accompanied  this 
communication.   Amongst  them  are  fragments  of  mammalian  bones.] 


5.  Notes  on  the  Geology  of  New  South  Wales. 
By  the  Rev.  W.  B.  Clarke,  M.A.,  F.G.S. 

[In  a  Letter  to  Sir  R.  I.  Murehison,  V.P.G.S.] 

[Abstract.] 

The  author  alludes  to  the  regular  succession  downwards  of — 1.  Coal- 
bearing  beds;  2.  Bocks  with  ^' Lower  Carboniferous"  or  "Devo* 
nian?"  fossils,  and  with  Coal-plants  and  Coal ;  3.  Metamorphosed 
grits  and  fine  conglomerates,  derived  from  granitic  and  porphyritic 
rocks,  occasionally  fossiliferous,  and  sometimes  enclosing  calcareous 
beds.  This  porphyritic  grit  and  conglomerate  the  author  n^ards 
as  being  referable  to  Von  Humboldrs  Lozero  of  Mexico,  which 
underUes  the  Gr^  houiller  of  Quanaxato*.  On  the  western  flanks 
of  the  southern  part  of  the  New  England  County  there  are  conglo- 
merates, referable  to  the  base  of  the  Carboniferous  rocks  of  the  flanks 
of  the  Liverpool  Bance,  which  are  associated  with  Devonian?  foeals 
and  altered  grits  and  shales  full  of  Lepidodendron.  4.  The  great 
north  and  south  schistose  formations,  in  which  the  author  has  found 
fossils  which  he  assigns  with  some  doubt  to  the  Silurian  epoch  f. 
The  schists  have  been  broken  through,  after  being  metamorphosed, 
and  before  the  deposition  of  the  superjacent  and  unconformable  grits, 
by  intrusive  poiphyry. 

Mr.  Clarke  also  refers  to  the  existence  of  fossil  fish  [of  which  he 
has  sent  "rubbings"]  in  the  upper  rocks  of  Sydney.  They  have 
some  resemblance  to  the  Permian  fish ;  and,  if  they  be  true  indi- 
cation of  the  Permian  character  of  the  beds,  "  we  are  able  to  show," 
says  the  author,  "  an  unbroken  series  firom  the  Penoian  rocks  to  the 
representatives  of  the  Old  Bed(?)." 

*  Essai  sur  le  Gisement  des  Roches  (1823),  p.  217. 

t  [See  also  Mr.  Selwyn's  Note  on  Silurian  Fossils  from  the  Schists  of  ^ctoria ; 
Edinh.  New  PhlL  Jonm.  1856,  No.  1.  p.  171.] 
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£.  L.  J.  Bidfldale,  Esq.,  J.  £.  Saunders,  Junr.  Esq.,  6.  H.  Wa- 
then,  Esq.,  and  £.  W.  Jackson,  Esq.,  were  elected  Fellows. 

The  following  Gommnnication  was  read : — 

On  the  PAI.AOZOIC  and  their  Aeaoeiated  Rocks  of  the  Th6rin- 
6ERWALD  and  the  Harz.  Bj  Sir  Roderick  Im pey  Murchi- 
80N,  D.C.L.,  F.R.S.,  V.P.G.S.,  and  Professor  J.  Morris,  F.G.S. 

Contents. 
Part  I. 
Introdnctioii. 
The  Thurimoebwald. 

Lowest  Graawacke  and  Lower  Silurian. 
Upper  DeTonian. 
Coal  Deposits. 
Permian  Deposits: 

Rothe-todte^liegende, 
Weiss-Iieffende, 
Kupfer-scmefer, 
Zechsteio,  and 
Sandsdiiefler. 
Triassic  rocks.    (Base  of  the  MesosDoic  or  Secondary  rodcs.) 

Pabt  IL 
The  Harz. 

General  view  of  the  suocesslon  of  the  Palaeozoic  rocks  of  the  Harz. 

Upper  SOurian  rocks. 

Devonian  rocks. 

Transition  from  Devonian  to  Carboniferons. 

Lower  Carboniferons  rocks. 

Upper  Paleozoic  rocks  surronnding  the  Harz. 
Upper  Coal,  and  Permian  Deposits. 

Secondary  or  Mesozoic  rocks,  N.  of  the  Harz. 
Bbcapttulation. 

PART  I. 

Introduction, — ^The  advice  given  by  a  distingnisbed  French  savant 
many  years  ago  to  one  of  us,  ^en  ftul  of  zeal  to  discover  geolo^cal 
pbsenomena  unknown  to  bis  contemporaries,  was, — ^'Examine  the 
travelling  map  of  the  region  in  which  you  may  happen  to  be,  and 
wherever  you  see  a  tract  void  of  all  post  roads,  go  thither,  and  you 
will  infallibly  meet  with  something  new  to  science.'^ 

This  suggestion  has  since  been  our  guiding  rule  in  many  ex- 
cursions, ii^uding  several  visits  to  the  insulated  mountain-tracts  of 
the  Thuringerwald  and  the  Harz,  which  in  bygone  years  were 
traversed  by  no  post  roads,  and  which  in  these  days  of  rapid  loco- 
motion are  avoided  by  all  railroads. 

When  Sedgwick  and  Murchison  first  looked  at  the  Thuringerwald 
frontier  in  1839,  that  chain  had  Utile  attracted  the  attention  of 
eeoloffists,  with  the  exception  of  Von  Hoff  of  Grotha,  who  had  then 
described  the  physical  Matures  of  its  northern  half,  determining 
several  altitudes,  and  giving  a  general  aper^  of  its  crystalline  ana 
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eraptiTe  rocks.  It  was  ihen  that  tlie  Engliah  geologists  compared 
the  southern  limb  of  the  chain  with  the  masses  of  older  rocks  in  the 
Bhenish  proTinces  and  those  with  of  the  Harz,  and  also  endeayoured 
to  indicate  the  German  districts  to  which  the  terminology  used  to  di- 
stinffuish  the  ancient  British  sedimentary  formations  might  be  applied. 
As  uiat  surrey,  the  result  of  which  was  embodied  in  the  'Tnmsac- 
tions  of  the  GrCN^logical  Society,'  was  made  in  one  long  summer  onlj, 
and  as  at  that  time  there  were  few  local  collectors  of  palaeogoic 
fossils,  it  was  not  to  be  expected  that  the  authors  could  offer  more 
than  a  broad  and  suggestive  outline. 

In  the  sixteen  years  which  have  elapsed  since  that  memoir  was 
published,  the  Rhenish  provinces  have  been  sedulously  examined  by 
various  able  geologists  and  palaeontologists,  who  have  accurately 
defined  the  limits  of  the  sub-formations  of  each  group,  and  have 
shown  that,  if  the  distribution  of  animal  life  be  the  guide,  there  are 
no  true  Silurian  rocks  in  the  Rhenish  provinces — ^provided  &e  adja> 
cent  slaty  masses  of  the  Ardennes  should  not  prove  to  be  such. 
The  great  mass  of  the  Rhenish  fossils  pertain  unquestionably  to  the 
Devonian  rocks,  and  constitute,  as  we  have  latdy  stated,  a  triple 
group,  of  which  the  Spirifers  and  stones  and  slates  form  the  base,  the 
Eifel  limestones  the  centre,  and  the  Cypridina  and  Clymenia  sdiists 
and  limestones  the  upper  band  *. 

This  group  is  clearly  followed  by  the  Lower  Carboniferous  rocks 
properly  so  called,  because  they  contain  true  mountain  limestone 
fossils,  and  also  certain  plants ;  the  order  of  succession  beinff  ad- 
mirably exposed  on  the  northern  edges  of  the  hills  which  flank  the 
lower  country  of  Westphalia.  Much  of  this  lower  carboniferous 
group  is  mineralo^cally  identical  with  the  culm  series  of  Devonshire, 
whilst  the  uppermost  band  of  it,  the  '  floetz-leerer  sandstone,'  is  the 
equivalent  of  the  British  millstone  grit,  as  first  shown  in  the  memoir 
above  cited  f.  We  may  here  refer  to  the  orifi;inal  General  Section 
(fig.  1,  pi.  23,  Geol.  Trans.  2  ser.  vol.  vi.)  mack  by  us  when  we  first 
examined  the  Rhenish  rocks  in  1839 — ^which  shows  how  truly  the 
physical  order  is  what  it  was  then  represented  to  be. 

Such  is  the  succession  in  the  Rhenish  provinces,  and  of  this  we 
have  elsewhere  given  a  condensed  description  and 'synopsis  %  as  pre- 
pared from  our  own  observation  and  that  of  competent  authorities, 
who  have  corrected  the  details  and  amplified  the  original  comparison 
of  the  rocks  with  British  types. 

When  the  first  comparative  survey  of  the  older  rocks  of  Germany 
was  mad^  no  one  had  developed  in  any  part  of  that  vast  region  a 
true  Silurian  series ;  but  in  the  interval  M.  Barrande  has  hi^  the 
high  merit  of  showing  the  existence  in  Bohemia  of  a  perfect  basin  of 
all  those  rocks  which  he  tenns  Silurian,  i,e.  from  an  unfossiliferous 
base  through  great  masses  of  sediment  representing  the  Lower  and 
Upper  Silurian  divisions. 

Now,  each  of  the  two  tracts  which  are  brought  under  oonrndera- 

••  sauna '(1354),  p.  367,  Ac 

t  Truu.  OeoL  Soc.  2  ser.  voL  vL  p.  228,  229. 

:  '  Siloria,'  p.  382. 
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Hon  exhibits,  as  we  shall  indicate,  some  members  of  the  Sflurian  of 
Bohemia  and  of  the  Devonian  and  Lower  Carboniferous  of  the 
Rhenish  provinces;  the  two  latter  groups  being  unknown  in  Bo- 
hemia. If  this  is  what  might  be  expected  in  tracts  lying  in  an  inter- 
mediate position  between  the  gorges  of  the  Rhine  and  the  country 
of  Pra^e,  we  shall  have  to  point  out  distinctions  in  the  detaib  of 
succes^on  which  it  is  important  to  note,  as  occurring  in  Thuringia  on 
the  one  hand  and  in  the  Harz  upon  the  other. 

Attention  will  also  be  pointedly  directed  to  those  younger  palseo- 
zoic  deposits  which  overlie  the  small  patches  of  coal  known  in 
Central  Germany,  and  which  one  of  us  has  described  in  other  works 
as  the  ''  Permian  Group."  Indicating  the  great  break  above  all  the 
series  from  a  primordial  base  up  to  the  Lower  Carboniferous  inclusive 
(the  wide-spread  "  Grauwacke  "  of  old  geologists)  as  separating  all 
such  deposits  from  the  overlving  and  youngest  palaeozoic  strata,  it  will 
be  shown  by  what  agency  the  original  direction  of  the  lower  portion 
whose  strike  is  universally  from  N.E.  to  S.W.  has  been  changed  to 
N.W.  and  S.E.  as  respects  the  geographical  outline.  Brief  and 
general  as  the  sketch  is,  it  will  point  out  the  agreements  and  discre- 
pancies of  these  Grerman  rocks  as  compared  with  each  other,  and 
refer  them  to  types  which  are  well  known  to  British  geologists. 

Whilst  the  sectional  woodcuts  will  explain  some  of  these  varied 
relations,  a  Tabular  View  (see  p.  448)  of  the  general  order  of  the 
Palfleozoic  rocks  of  Germany  with  the  lower  secondary  rocks  which 
immediately  overlie  them  is  appended  to  the  memoir,  and  in  that  table 
we  have  piuralleled  the  foreign  rocks  with  their  English  analogues. 

The  THtjRiNGERWALD. — lu  the  work  called  '  Siluria,'  recently 
published,  we  have  given  a  succinct  view  of  the  succession  of  the 
strata  in  the  Thiiringerwald,  as  an  addition  to  the  first  general  sketch 
of  that  tract  which  appeared  many  years  ago  in  the  '  l^nnsactions  of 
the  Geological  Society.'  In  that  work  we  have  cited  the  map  of 
Richter  of  Saalfeld*  as  most  illustrative  of  the  southern  portion  of 
this  mountainous  tract,  and  have  particularly  adverted  to  the  map  of 
Credner  of  Gotha  as  developing  with  great  accuracy  the  features  of  the 
northern  Thurincerwald.  M.  Credner  having  now  completed  his  map 
of  the  whole  cham,  we  had  the  advantage  of  consulting  it  on  our  last 
excursion.  When  collated  with  a  general  view  by  the  same  author 
printed  in  the  *  Transactions  of  the  Academy  of  Erfurt  f  ,'  that  map 
gives  so  clear  a  view  of  the  range  in  question,  that  the  present  com- 
munication might  at  first  sight  seem  superfluous.  But,  in  truth,  it 
is  still  important  to  make  our  foreign  contemporaries  understand  the 
true  apphcation  of  our  insular  terms  in  classifying  their  older  rocks  ; 
whilst  our  countrymen  will,  we  hope,  be  made  to  apprehend  more 
clearly  the  manner  in  which  the  physical  divisional  lines  between  the 
respective  palaeozoic  formations  of  Grermany  differ  from  those  which 
have  been  observed  in  England. 

Viewed  in  a  geographical  sense,  the  Thiiringerwald  is  a  mountain- 

*  ZeitBchr.  Dentsch.  Geol.  Gesell.  Berlin,  voL  iii.  p.  536.  pi.  20. 
t  Drakschrift  der  KonigL  Ak.  gemeinnutziger  Wissensch.  zu  Erfurt,  1854. 
VOL.  XI. — PART  I.  2  F 


Digitized  by 


Google 


412  PROCBEDING8  OF  THB  GEOLOGICAL  80CIETT.        [Apr.  4, 

ouB  wooded  mass^  the  calminating  points  of  which  neyer  exceed  3500 
English  feet  above  the  sea,  and  whose  main  direction  is  from  N.W. 
to  §.£.  Its  length  from  the  environs  of  Eisenach  on  the  N.W.  to 
those  of  Kronach  on  the  S.E.  is  upwards  of  sixty  miles,  and  swelling 
in  width  frpm  a  narrow  apex  on  the  N.W.  it  attains  a  maximum 
width  of  about  twenty  miles  in  its  S.E.  portion. 

The  south-eastern  half  of  this  tract  is  essentially  distinct  from  the 
north-western ;  the  first  or  wide  part  being  made  up  of  very  ancient 
sedimentary  strata,  the  second  of  crystal&e  rocks  chiefly  eruptive 
and  here  and  there  of  metamorphic  character ;  whilst  the  whole  is 
surrounded  by  a  girdle  of  Permian  rocks,  followed  by  lower  mesozoic 
deposits  which  delineate  the  dominant  direction  of  the  mountains 
which  they  subtend. 

Fig.  1. — Diagram  showing  the  General  Succession  of  the  PaUeozoie 
Rocks  in  the  ThUringerwald.    Horizontal  distance  about  12  miles. 

N.W.  S.E. 


e.  Permian  (Rothe-todte-liegeDde,  Zcehftem,       c.  Upper  Deroniui. 

and  Sandftchiefer).  b.  Lower  Silurian  (&*,  Cooraea  of  Umeatoae). 

d.  Lower  Carboniferous.  a.  Bottom  rocks. 

Lower  Grauwacke  or  Cambrian,  and  Silurian, — ^The  most  ancient 
rocks,  as  seen  in  the  S.  Thiiringerwald,  consist  of  greenish  talcose 
schists,  traversed  by  white  quartz  veins,  and  of  ferruginous  and 
purple  sandstone,  the  latter  much  resembling  certain  rocks  of  the 
Longmynd  in  Shropshire.  When  examined  in  detail,  these  rocks 
(marked  a  in  the  general  diagram,  fig.  1)  exhibit  towards  the  base 
quartz  rock  and  dark  slaty  schist,  the  latter  containing  aluminiferous 
schist.  These  form  the  lowest  courses,  as  seen  in  several  undu- 
lations ;  the  upper  and  chief  part  being  the  greenish  slaty  rocks  above 
mentioned,  ana  in  which  whetstones  occur.  In  these  rocks  (''  grune 
grauwacke"  of  Bichter,  or  ''Cambrian"  of  the  British  Geological  Sur- 
rey)* which  have  all  been  affected  by  a  slaty  cleavage,  no  other  organic 
remains  except  Fucoids  (Phycodes  cireinatus)  have  been  found. 

These  fundamental  rocks  (a),  exhibited  in  masses  of  great  dimen- 
sions, and  attaining,  in  the  Oberland  of  Meiningen,  elevations  of  up- 
wards of  3000  feet  above  the  sea,  are  covered  conformably  by  the 
deposits  which  M.  Richter  termed  grey  grauwacke,  an  extensive  and 
diversified  group  (b)  of  slate  and  sandstone  with  some  courses  of  alumi- 
niferous schist  (jffraue  grauwacke,  dach^chiefer,  griffel^ehiefer,  &c.), 
the  whole  of  which  is  referable  through  its  fossils  to  the  Lower  Silu- 
rian rocks.  The  section,  fig.  1,  merely  represents  the  general  suc- 
cession. But  from  the  observations  of .  M.  Richter,  we  believe  that 
this  fossUiferous  Lower  Silurian  consists  in  its  inferior  portion  of 
roofing-slates  and  coarse  grits  (almost  conglomerates),  subordinate  to 
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which  are  seyenil  beds  with  Nereitu,  Orthu  resembling  O.  grandis^ 
Sil.  SjBt.,  and  Beyrichia  eomplicata,  whilst  the  schists  contain  many 
GraptoUtei.  Whether  there  be  Facoids  and  Annelids  in  the  lowest 
of  these  strata,  or  Trilobites»  including  OgyguB^  of  the  type  of 
O.  (Ati^kwi)  BuekU,  OrtkieUe,  and  GraptoHtes  in  the  central  and 
superior  portions  of  the  same,  we  haye  elsewhere*  enumerated  a 
sufficient  number  of  fossils  to  leave  no  doubt  of  the  true  Silurian 
age  of  these  grey-ooloured  slaty  rocks,  as  recognized  b^  M.  Bichter. 
In  abundance  of  Graptolites  and  Annelids  the  Lower  Silurians  of  the 
Thuringerwald  bear,  mdeed,  a  most  striking  resemblance  to  the  strata 
of  the  same  age  in  the  south  of  Scotland,  which  like  them  repose  on 
rocks  wherein  no  remains  of  animal  life  have  yet  been  detected. 

It  is  well  worthy  of  note  that  several  species  of  the  GraptoHtes 
of  the  Thuringerwald  and  adjacent  parts  of  Saxony  are  identical 
with  British  and  particularly  with  Scottish  types,  and  are  idso  known 
in  Bohemia,  Scandinavia,  North  America,  Sec.  The  larger  Nereites 
and  the  Froiomrpttlaria  diehotoma  of  this  tract  are  also  identical 
with  Scottish  types  collected  by  Harkness  and  compared  by  Salter. 

The  impure  limestone  (b+)  lies  in  the  upper  portion  of  the  series, 
and  in  it  and  the  associated  shale  are  found  Graptolites  priodon 
(Lmlensis,  Sil.  Syst.)  and  other  Graptolites,  with  Orthoeeras  Bohe- 
mieum  T  (O.  Ibex),  O.  etyloideum,  and  a  Grinoid  resembling  Crota- 
locrimu.  M.  Barrande  had  suggested  that  this  band  might  represent 
the  base  of  the  Upper  Silurian  of  Bohemia  or  the  lower  part  of  the 
Wenlock ;  but,  judging  from  an^  fossib  we  saw,  we  are  unable  to 
confirm  this  idea.  For,  whilst  m  Bohemia  the  Graptolite  shales 
clearly  overlie  the  mass  of  the  Lower  Silurian  rocks,  we  know  that  in 
Britain  the  very  same  species  of  Graptolites  descend  into  the  inferior 
division  of  the  Llandeilo  formationf. 

All  these  rocks  have  a  strike  from  N.E.  to  S.W.,  which  is  there- 
fore at  right  angles  to  the  geographical  axis  or  watershed  of  the 
chain,  whust  the  prevalent  dip  is  to  the  S.E.  It  must  here,  how- 
ever, be  noted,  that  slaty  cleavage  planes  are  in  general  so  prevalent, 
their  dip  being  persistently  to  we  N.W.,  that  true  observations  on 

•  •Siliiiia,'p.352,353. 

t  'Whilst  this  memoir  was  pusing  through  the  press  I  received  a  letter  from 
M .  Richter,  of  Saalfeldt  in  which  he  states,  that  in  the  Lower  Silurian  slates  there 
occur  NereitUf  Myrianitei,  Lophoeteniumf  Orthit,  OrbiculUf  Cladognqm^^  Phy^ 
idpiii,  Paimqphyeug,  Buihotrephit.  In  the  conglomerates  which  alternate  with 
the  Nereite  beds  are  found  Beyrichia  con^Ucaia,  Salt. ;  some  undetermined  Tri- 
lobites,  Orihii  redux,  Barr.,  0.  te§tudinaria,  Dalm.,  0,  aliemata,  ? '  Sil.  Syst./ 
0.  lataf  ib.,  Lepiana  terieea,  ib.,  Ptntamema  oblongua  and  P.  ylobonu,  ib.,  Fenet* 
teOa  tubaniiquat  D'Orb.,  Petraia  nibdupHcaia,  M'Coy,  Sareniula  arganum  ?,  linn., 
NiduUteifavut  ?,  Salt.,  and  a  Coral  which  was  sent  by  me  to  my  Mend  Mr.  Lons- 
dale, who  pronounced  it  to  be  a  Pkvarodictyum,  M.  Richter  has  since  described  it 
as  a  species  distinct  from  the  P.  problematicum  of  the  Devonian  rocks,  and  has 
named  it  P.  Lontdaki,  M.  Richter  confirms  my  view  of  the  absence  of  all  Devo- 
nian rocks  except  the  Upper  or  Cypridina  group,  which  he  divides  into  two  stages. 
As  he  has  not  observed  any  union  between  the  Upper  Devonian  and  the  lowest 
Carboniferous  strata,  it  is  probable  that  there  is  a  break,  and  that  the  Productus 
limestone  and  Kieselschiefer  (which  are  present  at  Hof)  being  absent,  the  Upper 
Devonian  of  Saalfeld  is  at  once  succeeded  by  the  equivalent  of  the  Millstone  gnt — 
or  '•  iketz-leerer  Sandstein"  of  the  Germans.— R.  I.  MuacHUOM,  Sept.  15, 1855. 
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the  real  bedding  are  made  with  difficulty.  Another  and  a  still 
greater  impediment  to  a  dear  examination  of  the  lie  of  the  strata 
consists  in  the  dense  covering  of  wood  and  the  rare  occurrence  of 
rocks  and  open  rayines.  Even  in  places  where  the  strata  are  Tisible* 
the  geologist  who  is  not  yersed  in  the  lines  of  cleayage  maj  easilj 
assume  that  the  latter  are  laminae  of  deposit.  In  truth,  the  natiye 
geologists  who  have  treated  of  these  rocks  were  so  deceived,  that  thej 
were  Ted  thereby  to  represent  in  their  earlier  works  that  which  would 
amount  to  a  total  inversion  of  all  the  mountain  masses  by  a  dip  to 
the  N.W.,  when  in  reahty  the  strata  (though  subject  to  great  undu- 
lations not  represented  in  our  general  section)  assume  a  prevalent 
inclination  to  the  S.E. 

Upper  Devonian. — ^The  "  younger  grauwacke'*  of  this  region  (so 
styled  by  both  Credner  and  Bichter)  consists  of  a  union  of  ihe 
sub-groups  which  we  term  Upper  Devonian  and  Lower  Carboni- 
ferous. Constituting  apparently  one  physical  mass,  these  formations 
cover  transgressively  tne  Lower  Silurian  rocks,  or  abut  abruptly 
against  them  (see  fig.  1,  c  and  el).  In  travelling  across  these  strata, 
as  exposed  in  the  southernmost  portion  of  the  chain,  t.  e,  between 
Koppelsdorf  and  Steinach,  we  found  unequivocal  Upper  Devonian 
fosnls  in  the  higher  strata,  associated  with  limestones,  and  carboni- 
ferous plants  of  large  size  in  the  younger  and  more  arenaceous 
deposits. 

in  that  district,  however,  the  disturbances  hav^  been  so  great 
(particularly  alons  the  banks  of  the  river  Steinach),  and  the  strata 
are  there  so  completely  inverted,  that  M.  Engelhardt  very  natuialhr 
represented  as  Lower  Silurian  those  limestones  which  from  their 
fossils  we  now  know  to  be  Devonian,  and  considered  the  rocks  which 
are  truly  of  that  age  to  be  Upper  Silurian. 

Passing,  however,  from  that  convulsed  district,  the  real  relations 
of  the  Devonian  rocks  of  the  Thuringerwald  are  best  seen  in  the 
environs  of  Saalfeld,  and  particularly  to  the  S.E.  of  that  town,  where 
they  abut  against  the  Silurian  in  tlie  gorge  of  the  river  Saal.  There, 
as  in  all  the  adjacent  parts  of  Saxony  extending  by  Schleitz  to  Flauen 
and  Hof,  there  are  no  equivalents  of  the  Upper  Silurian  or  of  the 
Lower  or  Middle  Devonian.  In  the  absence  of  the  Spirifer-sandstone 
of  the  Rhine,  and  of  the  limestone  of  the  Eifel,  or  their  equivalents, 
the  hmestone,  which  we  are  about  to  describe,  and  which  rests  at 
once  on  the  slaty  Lower  Silurian,  is  truly  Upper  Devonian. 

In  the  undulating  region  to  the  east,  which  has  been  mapped  by 
Naumann  and  his  associates  and  described  by  Geinitz,  the  Upper 
Devonian  is  much  swollen  out  and  distinguished  by  interpolated 
sheets  of  igneous  rock,  the  Schaalstein  of  the  Rhine.  On  this  occa- 
sion we  forbear  to  enter  into  a  detailed  account  of  such  rocks,  and 
will  now  only  speak  of  the  Upper  Devonian  of  Saalfeld,  as  seen  in 
the  cliffs  at  bohlen,  and  the  relation  of  the  deposit  to  the  younger 
strata  of  the  Rotheberg,  which  we  consider  to  be  Lower  Carboni- 
ferous. (See  fig.  2.) 

On  Quitting  the  grey  Silurian,  or  truly  "grauwaeke  "  region  of 
Saalfeld,  and  the  tracts  to  the  west  and  south  of  that  town,  and  in 
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prooeeding  to  the  east,  the  traveller  aaddenly  finds  himself  at  the 
foot  of  lofhr  calcareous  cliffis  of  dark-reddish  limestone  and  calcareous 
schist,  with  many  nodules.  Judging  from  the  colour  and  external 
aspect  of  the  rocks  alone,  the  geologist  sees,  that  in  moving  to  the  east 
he  has  left  behind  him  everything  to  which  the  word  '  grauwacke ' 
can  be  correctly  applied,  and  has  entered  among  stony  masses,  which, 
whether  they  be  red,  brown,  ferruginous,  or  dullish  and  ereenish 
white,  are  hthologicidlj  dissimilar  to  what  he  has  traversed  in  the 
loftier  hills  of  tiie  forest.  Overlying  unconformably  certain  dark- 
coloured  Silurian  schists,  the  chief  strata  are  calcareous  beds,  quarried 
as  large  flagstones,  whose  siufaces  are  distinguished  by  a  multitude 
of  greyish  calcareous  concretions,  in  a  matrix  of  dark  red  shale. 

These  strata  (fig.  2,  a)  are  folded  over  in  rapid  undulations  in  the 
course  of  half  a  mile  on  the  right  bank  of  the  river,  and  are  fairly 
surmounted  by  thin-bedded,  Hght  greenish-grey,  brown,  and  black 
schists,  and  shivery  siliceous  flags  (6). 

Kg.  2. — Section  ahowing  the  relatuma  of  the  Upper  Devonian  and 
the  Lower  Carbom/eroua  Bocks  in  the  Gorge  of  the  Saal,  near 
Saalfeld.    Distance  about  4  miles. 

Bohlen.  Pbffenberg.  Botheberg. 

>  A  !L 


1: ^m^^^ 


Fault.  Rdationa  hidden 

for  aome  diatanoe. 

d.  Zeebstein,  &e.  (with  tneei  of  Wom-  6.  Flantonei  and  Cypridina^ahale,  with*) 

Uegende).  Plants.  I    Upptr 

c.  Lower  Carboiuferoua»  with  Flanta.  a.  Undulations  of  Cypridina-limestone  f  Devonian. 

and  shale.  J 

The  inferior  limestones  and  calcareous  schists  contain  many  fossils, 
which  have  never  been  referred  to  any  type  except  that  which  the 
geolc^ts  of  the  Rhine,  the  brothers  Sandberger  and  F.  Roemer, 
class  as  Upper  Devonian ;  whilst  the  concretionary  schists  and  lime- 
stones in  which  they  occur  are  to  a  great  extent  lithol(^cally  similar 
to  the  rocks  of  the  western  part  of  the  Rhenish  provinces,  locally 
called  Kramenzel-stein,  or  ant-stone*. 

It  may  here  be  mentioned,  that  not  one  true  carboniferous  fossil 
(no  large  Produetus  for  example)  has  been  detected  in  this  forma- 
tion, which  here  has  certainly  a  thickness  of  several  hundred  feet. 
On  the  other  hand,  all  the  typical  forms  are  Devonian ;  viz.  Phaeops, 
three  species ;  Clymenia,  ten  species ;  Orthoceras,  thirteen  species ; 
Croniatitee,  eight  species ;  and  Cypridina  in  abundance,  including 
the  C  eerrato-striata  of  tiie  Rhine  and  Devonshire.  The  Cypridina 
eerrato-^triata,  which  so  pre-eminently  characterizes  the  Upper  De- 
vonian zone  in  the  Rhenisn  provinces  and  the  districts  of  Franconia, 

*  The  Devonian  fossils  of  Saalfeld,  according  to  Bichter,  are — Cypridina,  2  sp. ; 
Phacops,  2  sp. ;  Asaphns  ? ;  BeUerophon,  1  sp. ;  Orthoceratites,  13  sp. ;  lituites, 
2  sp. ;  Nautilus,  1  sp. ;  Clymenia,  10  sp. ;  Goniatites,  8  sp. ;  Euomphalus,  1  sp. ; 
Cyathocrinos,  1  sp. ;  Actinocrinas,  1  sp. ;  and  aboat  12  species  of  Cardinia,  Tere- 
bratula,  AYicula,  &c.  Many  of  these  fossils  are  identical  with  those  described  hy 
Coant  Miinster,  from  the  north  flank  of  the  Fichtelgehirge. 
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adjacent  to  the  Thuringerwald,  and,  as  we  shall  presently  see,  oocors 
in  the  Harz,  is  also  here  so  abundant,  that  the  name  "  Cypridina- 
schiefer"  is  just  as  applicable  at  Saalfeld  as  in  the  aboTe-mentioned 
tracts. 

A  few  small  plants  have  been  discovered  in  these  schists ;  bat  it  is 
specially  as  we  ascend  into  the  upper  division  of  this  formation 
(fig.  2,  b)  that  fossil  plants  increase  rapidly  in  number,  particularly  in 
certain  hard,  thin,  sihceous  courses  of  purplish  and  greenish  sand- 
stone. It  is  in  this  rock  that  M.  Bichter  has  found  so  many  of  the 
peculiar  plants  which,  under  the  examination  of  Prof.  linger  of 
Gratz,  are  stated  to  belong  almost  entirely  to  n^  senera  and  species. 
Of  these,  thirty-three  species  are  enumerated  as  belonging  to  Cala-- 
maruEy  FUiees,  Selagines,  and  two  species  to  Zanda  and  C<mifer€t, 
M.  Unger  believes  that  he  has  discovered  in  some  of  these  plants  a 
structure  which  indicates  that  they  are  prototypes  of  new  genera, 
and  possibly  of  new  families,  and  others  which  indicate  transitions 
between  families  already  known*. 

Following  the  strata  in  ascending  order  on  the  left  bank  of  the 
Saal,  and  after  passing  over  soft  scMats  (the  relations  of  which  are 
obscured),  we  come  to  deep  undulations,  in  which  rocks  of  a  mineral 
character  quite  unknown  in  any  of  the  inferior  deposits  are  exposed. 
These  beds  (c),  which  are  weu  seen  in  a  ravine  around  which  the 
road  winds  opposite  Teuschnitz,  are  hiehly  ferruginous,  brownish, 
micaceous  sandstones,  which  range  from  the  Rothel^rg  to  the  locality 
where  we  saw  the  plimts.  The  surfaces  of  these  beds  are  covered  by 
many  large  plants,  distinct  from  those  of  the  inferior  strata.  Among 
them  are  Calamites  traruiHonis,  Bothebergia  (MegaphyUHm)  HoUo- 
beniy  and  many  others.  Such  lower  carboniferous  strata  occur  also 
in  Saxony,  particularly  at  Hainichen  Ebersdorf,  where  coal  is  worked 
in  them,  and  Prof.  Greinitz  has  described  the  numerous  plants  they 
contain  as  being  composed  of  Calamitacea,  3  species ;  FiUces,  6 ; 
Lycopodiaeea,  10 ;  Stigmaria  and  Sigillaria,  2 ;  and  seeds  of  plants, 
2  species.  According  to  Greinitz,  one  only  of  these  twenty-three 
species  is  foimd  in  the  newer  and  overlying  coal  fields  of  Saxony. 

In  short,  all  the  plants  last  enumerated  are  now  recognized  by 
Geinitz  as  belonging  to  the  lower  coal ;  whilst  those  associated  with 
the  Cypridina-schists,  or  Upper  Devonian,  are,  as  Bichter  and  Unger 
state,  peculiar  to  that  band.  Here,  then,  if  a  transition  should  be 
traced  from  one  set  of  beds  to  the  other,  we  see  a  considerable  di- 
stinction between  the  plants  of  the  one  and  the  other  group.  And, 
although  the  decisive  test  of  any  intermediate  representative  of  the 
Mountain  or  Carboniferous  Limestone  is  here  wanting,  it  was  long  ago 
proved  by  Prof.  Sedgwick  and  one  of  us,  that  in  the  adjacent  country 
of  Hof,  in  Bavaria,  a  Devonian  limestone,  which  we  have  since  ascer- 
tained to  be  precisely  like  that  of  Saalfeld,  from  its  myriads  of  Cy- 
pridifus,  is  at  once  surmounted  by  schists,  sandstones,  and  a  limestone 
with  several  species  of  Produeti  which  are  common  in  the  Carbo- 
niferous Limestone  of  Britain. 

*  See  *Zur  Flora  des  Cypridinen-schiefen,*  von  Prof.  F.  Unger,  Berichte 
Akad.  Wiu.  Wien,  Bd.  12.  p.  595.  The  complete  work  is  aboat  to  be  publiahed 
by  Richter  and  Unger. 
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It  most  here  be  stated,  though  it  fonnB  no  part  of  the  Thuringer- 
wald,  that  all  the  lower  and  undulating  region  between  the  eastern  flank 
of  thst  chain  and  the  Erzgebirge  is  occupied  either  by  Lower  Silurian 
rocks  as  aboye  defined,  or  by  bands  of  Upper  Devonian  and  Lower 
Carboniferous  strata.  The  whole  of  these  rocks,  in  contrast  to  the 
Thiiringerwald,  have  preserved,  to  a  great  extent,  a  geographical 
direction  ^m  N.E.  to  S.W.,  in  unison  with  their  origind  strike. 
Associated  with  the  Devonian  and  younger  rocks  of  this  large  tract, 
the  southern  limits  of  which  extend  up  to  the  Fichtelgebirge  (their 
northern  edges  being  buried  under  the  Permian  rocks  of  Gera  and 
Posneck),  there  is,  as  before  said,  a  ^eat  interlamination  of  contem- 
poraneous volcanic  grit,  or  ash,  which  in  many  parts  assumes  pre- 
cisely the  form  of  the  **  Schaalstein  "  of  the  Rmne.  Besides  these, 
certain  eruptive  rocks,  of  posterior  date,  protrude  here  and  there ; 
these  are  quite  distinct  ^m  the  contemporaneous  volcanic  dejections 
above  mentioned,  and  the  deposits  affected  by  them  have  been  thrown 
into  countless  breaks  and  rapid  undulations,  in  this  way,  black  Lower 
Silurian  slates,  with  GraptoUtes  and  Orthida,  occur  in  juxtaposition 
to  Upper  Devonian.  The  latter,  often  expanded  to  considerable 
dimensions  by  the  alternation  of  contemporaneous  volcanic  materials, 
and  yet  containing  the  same  CypridiruB  and  other  fossils  as  at 
Saalfeld,  are,  in  some  localities,  surmounted  by  sandstones,  flinty 
slate,  and  limestone,  charged  with  the  unequivocal  fossils  of  the 
Carboniferous  Limestone;  thus  removing  all  doubt  respecting  the 
true  order. 

With  this  carboniferous  zone  terminate,  in  ascending  order,  all 
the  formations,  which  the  Germans  have  hitherto  designated  under 
the  omnivorous  word  **  Grauwacke ;"  t.«.,  from  the  azoic  base  of  the 
sedimentary  rocks  to  the  Millstone  Grit  inclusive.  For  all  these 
rocks  constitute,  in  a  physical  sense,  one  great  mass  in  Germany,  and, 
to  a  great  extent,  in  France.  They  are  entirely  dismembered  ^m 
all  overlying  formations,  including  the  great  or  Upper  Coal-fields  of 
England, — a  feature  to  which  we  shall  again  have  occasion  to  allude 
in  speaking  of  the  Harz  mountains,  and  on  which  we  shall  offer  a 
general  observation  or  two  in  our  conclusions. 

Fig.  3. — Diagram  exhibiting  the  general  relatione  of  the  Palao- 

zoic  Boeks  in  Saxony,    (chiefly  fimnNanmimi.) 


(I*  ^  « 

g.  Sttidfldiiete.  ^  d.  Upper  CuiioDiferoiu  (Fl6lia  and  Zwickni).  \  a*:.;*. 

^rZedwtein.  c,  LoirerCwbomferottsCHemiehen-Ebendorf)./"'""^' 

-^'tKnpfer-fldiiefer,  &G.  VPemiiBD.  &.  Deronian. 

e.  Rothe-todte-liegende.  |  a.  Silurian. 
•  Plant-beda.              J 
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In  the  meantime,  attention  is  directed  to  section  fig.  3,  p.  417» 
which  explains  how,  in  the  adjacent  kingdom  of  Sazonj,  Uie  three 
great  inferior  groups,  Tiz.  Silurian,  Devonian,  and  Lower  Carbo- 
niferous, are  unconrormably  surmounted  by  the  upper  coal,  and  how 
the  latter  is  followed  by  the  Permian  rocks.  The  clear  physical 
distinction  between  the  Lower  and  Upper  Carboniferous,  which  was 
pointed  out  by  Naumann,  has  since  oeen  confirmed  by  the  palseon- 
tological  labours  of  Prof.  Geinitz. 

(hal  deponts  (Kohlen-Gebirge). — In  the  Thuringerwald  and  the 
adjacent  parts  of  Saxony  and  Bavaria,  as  in  Bohemia,  the  strata 
from  which  coal  is  extracted  overlie  in  transeressive  positions  all  the 
other  ancient  rocks.  (See  fig.  3).  In  the  Thuringerwald,  and  those 
places  where  we  are  acquainted  with  them,  such  coal  deposits  consist 
of  lighdsh  grey  schists,  or  shale,  and  sandstones,  in  some  of  which 
there  are  numerous  impressions  of  fossil  plants.  In  none  of 
these  tracts  has  any  indication  yet  been  discovered  of  included  animal 
remains,  to  prove  that  these  accumulations  were  formed  under  the 
sea,  or  in  marine  estuaries  like  those  of  the  antecedent  Lower  Car- 
boniferous rocks,  from  which  they  are  so  sharply  separated.  The 
remains  of  vegetables  with  which  they  are  filled  have,  it  is  true,  the 
general  fades  of  the  rich  carboniferous  flora ;  but  under  a  critical 
eye,  the  one  set  of  plants  is  found  to  be  distinct  from  the  other  in 
some  genera,  and  in  nearly  all  the  species.  For  this  fact,  particularly 
as  relates  to  Saxony,  we  ar^  as  already  mentioned,  inddited  to  the 
recent  researches  of  Prof.  Geinitz  *• 

Whilst  on  this  point,  we  can  scarcely  avoid  reminding  our  country- 
men, that  as  yet  no  geologist  has  endeavoured  to  ascertain  whether 
or  not  there  be  the  same  marked  distinctions  between  the  floras  of 
the  Lower  Carboniferous  of  Scotland  and  the  overlying  great  coal- 
fields of  England,  as  that  which  has  been  worked  out  in  Saxony. 

In  the  Thuringerwald,  as  in  most  parts  of  Central  Germany,  some 
geolo^ts  would  indeed  prefer  to  class  these  grey  and  dark  coaly 
deposits  with  the  red  conglomerates  and  sandstones  (Bothe-todte- 
lieffende)  which  overlie  them.  But,  guided  by  the  analo^es  of  Britain 
and  North  America,  where  the  coal  deposits  resting  upon  the  Lower 
Carboniferous  rocks  are  symmetrically  united  over  enormous  areas, 
and  unquestionably  belong,  by  their  remains,  to  the  same  great  epoch* 
we  adhere  to  the  belief,  that  most  of  these  small  coal  deposits,  broken 
off  as  they  are  from  the  superior  red  strata  of  Permian  age,  are  still 
to  be  classed  with  the  carboniferous  group.  By  this  observation, 
however,  it  is  not  to  be  inferred  that  we  are  not  quite  aware  of  the 
existence  of  certain  thin  courses  of  coaly  matter,  associated  with  the 
Bothe-todte-liegende  itself  in  parts  of  dermany. ' 

Desirous  of  satisfying  ourselves  more  perfectly  on  this  point,  and 
intending  to  revisit  tracts  where  light  may  be  thrown  on  the  question, 
we  must  reniark  that,  as  far  as  our  knowledge  goes,  the  chief  Ger- 
man coal  distinctly  underlies,  and  is  never  intermixed  with,  the 
Bothe-todte-liegende,  or  bottom  rock  of  the  Permian  »re.    Though 

*  Dantellung  der  Flora  des  Hainichen-Ebendorfer  und  des  Flohaer  Kohlen- 
bastint.    Fol,    Lcipafg  (Hincl),  1854, 
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Credner  leaves  it  to  be  inferred  (in  Bome  of  the  sectionB  accom- 
panying his  map)  that  this  coal  of  theThuringerwald  is  conformable 
to  the  overl^ring  red  conglomerate  and  sandstone,  there  are  tracts, 
even  in  this  region,  where  the  two  rocks  are  unconformable ;  and 
Gutbier  has  shown  that  this  is  decisively  so  in  the  enyirons  of 
Zwickau. 

At  Manebach,  near  Ilmenau,  seyeral  thin  seams  of  coal,  the  chief 
of  which  is  about  three  feet  thick,  are  extracted  by  horizontal  galleries, 
on  the  east  side  of  a  deep  valley,  from  beds  of  shale  overlying  gritty 
sandstone  of  dark  and  light  colour,  the  last  very  thick-beddecC  and 
the  strata  dipping  N.£.  fu>out  13^.  These  are  traversed  and  covered 
by  rocks  of  igneous  origin.  In  several  spots  the  intrusive  rock  is  a 
red  quartziferous  porphyry ;  at  another  place,  about  a  quarter  of 
a  mile  distant,  the  coaly  strata  are  cut  off  by  a  granite  or  granitello, 
which,  if  it  does  not  exhibit  passages  into  porphyry,  is  at  all  events 
of  very  varied  composition,  even  in  the  space  of  a  few  yards.  At  a 
third  point  the  intrusive  rock  is  a  black  porphyry  (melaphyre). 

These  rocks  have  all  been  erupted  through  the  coaly  sediments, 
and  have  in  great  part  overflowed  them ;  for  the  red  porphyry  in 
particular  forms  the  mass  of  the  hill  capping  the  coal  strata. 

In  traversinff  the  northern  Thuringerwiud  on  two  parallels,  we 
observed  that  me  coal  strata  hardly  rose  up  to  points  of  any  con- 
siderable elevation  on  the  sides  of  the  valleys ;  but  usually  outcropped 
irom  beneath  those  red  rocks  (the  Rothe-todte-Uegende)  and  the 
associated  porohyries  to  which  we  shall  presently  allude. 

At  the  southern  extremity  of  the  chain,  north  of  Kronach,  we  had 
the  clearest  evidences  of  the  coal  being  worked  entirely  from  beneath 
accumulations  of  the  Bothe-todte-Uegende,  of  a  thickness  probably 
of  2000  feety  which,  being  inclined  at  high  angles  in  a  great  recess  in 
the  older  rocks,  permits  the  coal  strata  (which  are  only  visible  in 
partial  outcrops)  to  be  worked  by  shafts  of  moderate  depth. 

In  visiting  two  of  the  spots  where  coal  is  extracted,  we  could  not 
satisfy  oursdves  as  to  the  true  character  of  the  strata  which  there  form 
the  base  of  the  coal  deposit.  According  to  M.  Buttner  of  Kronach, 
one  of  the  superintendents  of  these  works,  the  lowest  carbonaceous 
rock,  abutting  against  the  "Younger  Grauwacke"  (there  Upper 
Devonian  and  Lower  Carboniferous  rocks),  is  a  jaspidean  claystone, 
which  is  followed  upwards  by  a  sort  of  conglomerate  containing  frag- 
ments of  older  porpnyry .  The  immediate  support,  however,  of  the 
coal-bearing  strata  is  a  whitish  coarse  grit,  not  unlike  one  of  the  beds 
near  Ilmenau.  Associated  with  the  coal,  and  forming  its  roof,  there 
is  a  finely  laminated  indurated  shale,  in  parts  resemblmg  the  **  black 
bat,"  so  well  known  in  Staffordshire  and  other  English  coal  fields. 

At  Stockheim  and  Neuhaus,  which  we  visited,  and  where  the  coal 
is  raised  in  a  shaft  about  250  feet  deep,  the  chief  bed  of  coal  was 
estimated  at  about  12  or  14  feet 'in  thickness.  The  coal  strata 
are  much  disturbed,  and  inclined,  at  angles  varying  from  80°  to  25°, 
60°  to  50°,  and  thence  to  25°  near  the  surface,  where  they  underlie 
the  BoUie-todte-liegende  or  red  rock.  It  is  probable  that  part  of 
this  thickness  may  be  in  great  measure  due  to  an  obhque  section  of 
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the  chief  earhonaceoiiB  band.  Again,  we  observed  that  by  hi  the 
larger  part  of  the  mineral  which  was  brought  up  in  the  shaft  was  not 
true  coal,  but  scaly  bituminous  shale.  The  coal  being  carefully  picked 
up  in  pieces  which  seldom  exceeded  the  fist  in  size,  and  usually 
much  smaller,  was  packed  in  neat  new  small  barrels  of  wood,  as 
careftdly  as  herrings  are  stowed  away  at  a  fishing  station, — so  great 
is  the  value  set  upon  the  combustible,  when  transported  from  its 
natural  position  to  the  interior  of  Bavaria.  At  Neuhaus,  where  the 
pits  are  sunk  in  a  deep  depression  from  beneath  an  escarpment  in 
the  Bothe-todte-liegende^  the  coal  b  extracted  in  larger  and  deaner 
fragments. 

On  the  whole,  it  was  manifest  that  the  coal  strata  around  the 
Thuringian  chain,  wherever  we  examined  them,  had  been  broken 
through  and  disturbed  by  those  igneous  rocks  which  played  a  still 
more  important  part  in  the  older  portion  of  the  following  or  Permian 
sera,  the  strata  of  which  are  so  enormously  developed  in  and  around 
these  mountains,  and  especially  in  their  northern  portion. 

Permian  Deposits  of  the  Th&ringerwald. 

Rothe-todte-liegende. — ^A  great  contrast  is  visible  between  the  grey 
and  dark  coal  strata  of  which  we  have  taken  leave  and  the  overlying 
red  deposits,  which,  under  the  name  of  Bothe-todte-liegende,  occupy 
so  large  a  part  of  this  region.  (See  fie.  4,  p.  424.).  Judging  from 
their  fine  lamination  and  their  imbedded  fossil  plants,  the  former 
have  unquestionably  resulted  from  tranquil  deposition  under  water, 
probably  fluviatile  or  lacustrine;  whilst  the  latter,  which  we  now 
proceed  to  consider,  have  been  formed  in  a  period  of  turbulence^ 
accompanied  by  the  extrusion  of  much  igneous  matter. 

The  great  red  formation  named  the  Rothe-todte-liegende  has  been 
described  by  so  many  German  authors,  that  it  is  unnecessary  to 
dilate  upon  its  structure.  We  would,  however,  remark,  that,  much 
as  we  have  examined  the  deposit  in  different  parts  of  Germany,  we 
know  of  no  tract  in  which  it  is  of  larger  vertical  dimensions  or  is  so 
exhibited  in  mountainous  masses  and  on  the  sides  of  deep  ravines  as 
in  the  Thuringerwald. 

The  chief  development  of  the  deposit  is  seen  in  the  northern  half  of 
the  chain.  It  is  singularly  well  displayed,  for  example,  both  in  quarries 
and  on  the  sides  of  the  high  road  leading  to  Frankfort,  immediately 
above  Eisenach,  and  on  the  flanks  of  the  hill  on  which  the  convent 
and  castle  of  Wartzbui^  stand,  once  the  residence  of  Luther. 

It  is  indeed  to  be  studied  in  so  many  localities,  whether  on  the 
flanks  of  the  northern  ridge  or  in  its  interior,  where  it  is  associated 
with  porphvries,  that  M.  Gredner's  map  and  the  excellent  roads  both 
louffitudmal  and  transversal  vriU  lead  every  traveller  to  numerous 
exhibitions  of  the  rock. 

Though  argillaceous  and  thick-bedded  sandstones  of  dark  red 
brick  colour  are  chiefly  exposed  at  the  base  of  some  of  the  natural 
sections  where  the  deposit  overlies  the  coal  strata,  and  whilst  such 
finely  levigated  red  substance  forms  the  matrix  of  many  of  the 
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coarser  beds,  the  dominant  features  of  the  formation,  particularly  of 
its  middle  and  upper  members,  are  the  so-called  conglomerates. 
These  great  bands,  often  of  Tast  thickness,  ought,  strictly  speaking, 
to  be  termed  breccias,  particularly  near  Eisenach.  For,  whatever  be 
the  included  material,  whether  quartz  rock,  mica  schist,  old  por- 
phyry, granite,  or  greywacke  slate,  the  fragments  are  usually  angular ; 
none  of  them  presentmg  the  aspect  of  having  been  rolled  on  a  beach 
or  rounded  by  the  action  of  the  waves.  However  these  angular  or 
Bubangular  pieces  were  accumulated,  the  impression  left  on  the  mind 
of  the  observer  is,  that  they  were  got  together  in  a  very  rapid  and 
tumultuous  manner. 

The  movements,  however,  by  which  they  were  aggregated  were 
clearly  suspended  and  repeated  many  times ;  the  intervals  of  qui- 
escence allowing  of  those  deposits  of  finely  triturated  red  sand  and 
mud  which  ahemate  with  the  coarse  and  subangular  breccia.  In 
the  granitic  breccia  under  the  Wartzburg,  it  is  curious  to  remark  (as 
pointed  out  to  us  by  Professor  Senft  of  Eisenach),  that  the  included 
granite  fragments  in  one  of  the  several  courses  which  we  observed  to 
alternate  with  beds  of  sand  and  shale  have  been  derived  from  a  rock 
no  longer  visible  in  the  chain  of  the  Thuringerwald,  but  which  was 
doubtless  a  mass  once  near  at  hand — ^probablj  just  beneath  the  very 
breccia  that  has  been  made  out  of  it.  It  is  a  granite  containing 
pericHne  and  black  mica. 

These  angular  breccias  and  conglomerates,  with  their  associated, 
sandstones,  are  of  gigantic  dimensions,  and  have  been  bored  into  in 
fruitless  searches  after  coal  to  a  depth  of  about  2500  English  feet ! 
Their  chief  mineral  characteristic  is  their  intimate  association  with 
hi^  masses  of  porphyry,  some  of  which  have  manifestly  been 
emitted  coincidently  with  the  formation  of  the  breccias.  So  intimate, 
indeed,  is  the  association,  that  here,  as  in  many  tracts  of  Germany,  it 
is  occasionally  most  difficult  to  disentangle  that  which  may  be  termed 
a  true  eruptive  rock  from  bands  of  breccia  in  which  other  fragments 
of  altered  schistose  and  the  older  sedimentary  rocks  are  mixed  up. 
This  is  peculiarly  the  case  where  the  porphyritic  matter  has  over- 
flowed and  has  been  extended  horizontally. 

An  examination  of  this  chain  proves,  that  the  northern  Thuringer- 
wald has  been  penetrated  at  almost  countless  points  by  porphyries  of 
various  characters,  and  of  which  M.  Gredner  distinguishes  about  six 
varieties  in  the  red  or  quartziferous  porphyry  alone«  True  mela- 
phyre  (or  the  so-called  black  porphyry)  is  also  abundant. 
'  It  would  appear  that  rocks  of  igneous  origin  have  penetrated  this 
chain  from  a  very  early  period.  Thus,  in  the  Lower  Silurian  slates 
we  meet  with  greenstone,  granite,  and  an  ancient  red  porphyry,  the 
last-mentioned  being  in  fact  the  rock  whose  fragrnents  are  found  in 
the  Coal-measures  and  Bothe-todte-liegende.  These  old  eruptive 
masses  are  said  W  M.  Gredner  to  be  limited  to  the  Silurian  and  not 
to  enter  into  the  Devonian  strata, — ^a  point  on  which  we  have  not  yet 
satisfied  ourselves. 

Hypersthene  rocks  are  seen  to  rise  through  the  Upper  Carboniferous 
layers  and  to  have  greatly  altered  them :  but  it  is  only  on  ascending 
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to  the  Bothe-todte-li^ende  that  we  are  surrounded  on  all  sides 
with  porphyry,  and  as  this  period  of  turbulence  was  followed  by 
one  of  beach  action  and  quiescent  marine  deposits,  to  which  we 
shall  presently  advert,  it  is  quite  manifest,  that  all  the  breccias  and 
coarse  conglomerates,  however  composed  of  mixed  materials,  were 
formed  during  a  period  of  igneous  action,  perhaps  more  intense  than 
any  to  which  an  appeal  can  be  made  in  die  history  of  other  German 
formations.  In  fac^  it  was  in  this,  the  earlier  part  of  the  Permian 
sera,  that  those  grand  eruptions  took  place  from  N.E.  to  S.W.  which 
obscured  the  ancient  physical  direction  of  the  rocky  and  slaty  masses 
that  trend  from  N.E.  to  S.W.,  and  determined  the  axis  or  watershed 
to  be  at  right  angles  to  the  original  outline  of  the  ridges. 

As  we  £all  have  to  speak  of  a  similar  phaenomenon  in  the  Han, 
we  reserve  for  awhile  our  inferences  concerning  the  condition  of  the 
earth's  surface  during  the  tumultuous  period  of  the  earlier  of  the 
Permian  deposits,  when  such  vast  physical  changes  occurred. 

In  the  meantime  we  may  indeed  truly  say,  with  M.  Gredner,  that 
the  northern  portion  of  the  Thiiringerwald  is  essentially  a  porpl^^^^ 
chain ;  since  nearly  all  its  hiffhest  central  summits,  from  the  Kahle 
Berg  and  the  Inselsberg,  the  latter  3096  English  feet,  to  the  Schnee 
Kopf  or  highest  pointy  about  3300  English  feet  above  the  sea,  con- 
sist of  red  porphyries,  which  ranging  from  N.E.  to  S.W.  constitute 
what  is  locally  termed  the  Rennsteig  or  central  ridge,  which  deter- 
mines the  axis  or  watershed  to  which  all  the  rock-masses  of  the  chain 
have  in  a  geographical  sense  been  rendered  subordinate. 

No  organic  remains  have  been  found  in  the  Bothe-todte-liegende  of 
the  Thuringerwald,  as  might  indeed  be  expected  from  the  mineral 
structure  and  condition  of  the  rocks,  except  certain  hard  silidfied 
stems  of  fossil  plants,  Psaronice,  &c. 

In  the  environs  of  Zwickau,  Chemnitz,  Dresden,  &c.,  however, 
where  very  finely  laminated  claystones  are  intercalated  in  the  middle 
of  the  conglomerate  series,  Colonel  Gutbierhas  collected  and  described 
about  sixty  species  of  CalamaruBy  FUicea,  Selagines,  and  Coniferm ; 
of  these  forty  are  considered  by  the  author  to  be  peculiar  to  the  Per- 
mian, three  of  them  being  also  found  in  the  Permian  group  of  Russia 
(Calamte$  gigasy  SphenapterU  erosa,  and  S.  lobata).  On  the  other 
hand,  seven  of  the  sixty  species  described  are  considered  to  be  forms 
known  in  the  Coal-measures*. 

In  relation  to  the  adjacent  region  of  Saxony,  we  think  it  right 
here  to  allude  to  various  outbursts  of  porphyi^,  and  to  wide  exten- 
sions of  the  Rothe-todte-liegende  and  its  subjacent  coal  strata,  as 
existing  near  Zwickau,  Chemnitz,  and  other  parts  of  Saxony,  where 
the  coal,  on  the  authority  of  Prof.  Geinitz,  lies  invariably  beneath 
everv  stratum  to  which  the  term  "  Rothe-todte-liegende  "  can  be  ap- 

Slied.  In  these  tracts,  as  well  as  in  the  environs  of  Dresden,  the  lower 
ivision  of  the  r^  rocks  is  composed  of  sandstones  and  shale,  and 
the  upper  portion  alone  near  Dresden  (according  to  Gdnitz)  is  a 
coarse  conglomerate.    In  traversing  the  country  from  Freibeig  to 

*  Vertteinenmgen  des  Permischen  Systemes  in  Sachse&i  von  A.  v.  Gotbier. 
Dcesden  and  Leipsig,  1849. 
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Dresden,  we  were  much  stmck  with  a  oAtural  section  wliicb  exhibits 
the  intimate  dependence  of  this  coarse  conglomerate  upon  contiguous 
eruptions  of  porphyry.  On  quitting*  the  plateau  of  the  so-called 
"  gneiss "  of  rreiberg  (a  crystalline  stratified  rock,  which  we  have 
elsewhere  speculated  upon  as  hemf  probably  nothing  more  than 
metamorphic  Silurian  *,  and  which  is  penetrated  here  and  there  by 
granite),  we  passed  oyer  a  great  breadth  of  red  porphyry,  on  tlie 
western  boundary  of  which,  and  in  the  deep  gorge  of  'fharandt,  the 
igneous  rock  is  exposed  in  towering  pinnacles,  and  is  clearly  seen  to 
have  penetrated  the  gneiss,  which  extends  eastwards  to  near  the  Til- 
lage of  Hainsberg.  On  approaching  the  latter  place,  powerful  con- 
glomerates of  the  Rothe-todte-li^nde  are  seen  resting  in  inclined 
positions  on  the  eastern  flank  of  the  gneiss  and  crystalline  rocks. 
These  conglomerates,  which  are  considered  by  Geinitz  to  lie  in  the 
upper  part  of  the  formation,  are  made  up  essentially  of  the  gneiss 
ana  granite  of  the  adjacent  hills  throagh  which  the  porphyry  has 
risen  up,  and  have  therefore  directly  resulted  from  that  intrusiYe 
igneous  agency.  The  blocks  are  often  of  several  feet  diameter,  and  on 
the  whole  the  mass  reminded  us  much  of  the  coarse  conglomerate  of 
the  Old  red  sandstone  on  the  north  flank  of  the  Ord  of  Caithness. 

In  the  deep  rarines  £.  of  Dresden,  leading  into  the  Plauensche- 
gmnd,  into  which,  in  company  with  Prof.  Geinitz,  we  descended 
from  plateaus  of  oyerlying  nonzontal  sandstones  of  the  Cretaceous 
group,  we  examined  other  rocks  of  the  Bothe-todte-liegende  which, 
there  overhe  the  coal,  and  saw  the  following  descendmg  order : — 
1 .  Conglomerate.  2.  Variegated  deep  red  snale  with  green  spots. 
3.  Pink-coloured  porphyry,  which,  though  a  true  igneous  rock,  is 
as  regularly  stratifiea  and  jointed  as  the  red  strata  with  which  it 
alternates.  It  is  the  "  Schlam-laya"  of  Geinitz,  and  offers  in  truth 
the  most  perfect  eridence  of  haying  been  a  coulSe  formed  during 
the  agglomeration  of  the  Rothe-todte.  Thus  far  the  section  is  open 
to  yiew  on  the  side  of  the  hills ;  the  remainder  is  known  through 
the  sinkings  for  the  underlying  coal.  According  to  the  workmg 
plan  of  a  yery  intelliffent  manager  of  the  works  at  Hainichen,  the 
shafts  passed  down  Uirough  alK>ut  500  feet  of  other  massive  alter- 
nations of  the  Rothe-todte,  alternating  with  poiphyries,  before  the 
first  traces  of  coal  were  reached.  The  best  bed  of  coal  has  a 
thickness  of  about  3  feet,  and  was  first  worked  at  a  depth  of 
158  laditer  or  about  1100  English  feet.  It  was  soon  lost  m  this 
its  first  and  horizontal  position,  and  was  subsequently  regained  in 
a  highly  inclined  pontion  on  the  slope  of  the  hill,  48  lachter  beneath 
the  upper  level.  When  we  visited  the  spot  another  sinking  was  being 
made  somewhat  lower  on  the  hill  side,  throueh  800  feet  of  the  Rothe- 
todte,  to  win  the  coal  in  a  deeper  part  of  the  valley.  The  works  in 
the  Plauensche-grund  leave  there&re  no  room  to  aoubt,  that  whilst 
the  coal  strata  were  here  originally  quietly  deposited  on  gneiss  and 
other  ancient  rocks,  they  were  subseouently  penetrated  by  eruptions 
of  porphyry  accompanied  by  great  (uslocations,  which  broke  up  the 
carboniferous  rocks  and  left  them  at  the  very  different  levels  and  at 
*  'Siluria,'p.361. 
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the  TariouB  angles  of  inclination  which  they  present  to  the  miner  who 
explores  them.  This  tract  offers  clear  evidence,  that  the  porphyritie 
eruptions  were  not  only  yioleiit,  but  successiye  and  numerous  during 
the  period  of  the  Bothe-todte-li^nde,  and  that  they  overflowed  strata 
of  that  formation  in  the  form  of  submarine  couUei,  Here  also,  as 
indeed  in  many  other  parts  of  Central  Grennany»  we  learn  how  these 
dejections  of  contemporaneous  porphyry  and  amygdaloid  have  been 
occasionally  so  mixed  up  with  pebbles  and  sand  of  the  then  existing 
sea,  as  to  render  it  difficult  in  such  cases  to  decide  whether  the  stra^ 
tum  should  be  considered  as  one  of  igneous  or  of  aqueous  origin.  In 
all  such  extreme  examples,  however,  the  geologist  wKo  is  seeking 
after  a  truthful  explanation  of  the  works  of  nature  will  admit  that 
such  strata  are  not  to  be  dogmatically  defined  by  one  mineral  term 
only,  but  that,  like  the  volcamc  grit  or  ash  of  earlier  periods,  they  are 
to  be  viewed  as  true  indications  of  the  internal  heat  of  the  crust,  which, 
in  bursting  forth  repeatedly,  gave  rise  to  those  peculiar  deposits  which 
resulted  from  a  combiiiation  of  subaqueous  and  volcanic  causes. 

WeUt-'  or  Gra/UrUegende — Kupferschiefer — Zeehstein,  ^c. 

Wei98'Uegende, — ^The  sandstones,  breccias,  and  conglomerates  of 
which  we  have  just  spoken  are  succeeded  in  this  r^on,  as  in  many 
other  parts  of  Germany,  by  a  band  differing  from  aU  beneath  it  in 
its  light  grey  or  whitish  colour,  as  derived  from  a  quantity  of  pebbles 
of  white  quartz  in  a  grey  paste.  This  is  truly  a  conglomerate  made 
up  of  rounded  small  stones,  which  present  aU  the  appearance  of  having 
been  formed  by  waves  upon  a  shore.  Since  it  forms  the  natural  base 
of  the  Ck)pper-slate,  the  miners  necessarily  apphed  to  it  the  name  of 
*'  liegende,  as  underlying  the  productive  mineral  stratum.  This  bed 
or  band  (for  it  varies  in  thickness  from  3  or  4  feet  to  30  or  40)  may 
be  properly  considered  the  base  of  the  Zechstein  or  Magnesian  lime- 
stone division  of  the  Permian  rocks,  since  in  it,  after  ascending  through 
the  siliceous  strata  of  the  Rothe-todte-Hegende,  we  first  find  odcareous 
matter  beginning  to  show  itself,  and  with  it  a  few  rare  fossils. 

Fig.  4. — Diagram  showing  the  Sueee9sian  of  the  Permian  Bocks  on  the 
Flanks  of  the  ThUringerwald.    Horizontal  distance  about  4  miles. 


d.  Lower  Booter. 


cB.  Sandsdiiefer. 
c*.  Upper  Zechstein  (Dolomite). 
rS.  Lower  Zechitein. 
r>.  Kupfer-Khiefer. 
cl.  WciM-lieffende. 
b.  Rothe-todte-Uegende. 


Perrnun 
Rocks. 


a.  Coal-itnuta  (Upper  Coal), 
p.  Porphyrr. 


The  accompanving  diagram  (fig.  4)  shows  the  position  of  this 
Weiss-liegende,  e* ;  and  the  open  section  in  which  we  best  saw  it,  as 
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there  represented,  is  to  the  S.W.  of  the  Tillage  of  Sehmerhach,  not 
lar  distant  from  Waltershansen  near  Grotha,  where  it  rests  on  unequi- 
vocal Bothe-todte-liegende,  in  the  form  of  red  and  green  spotted 
sandstones,  flagstones,  &c. 

Kupfer-9ckiefer. — ^At  the  same  place,  we  also  examined  the  ex- 
posure of  the  justly  celebrated  bituminous  black  schist  called  Kupier- 
scfaiefer  (fig.  A,  c*),  which  having  been  followed  from  its  outcrop, 
like  that  which  is  represented  in  &e  diagram,  has  been  worked  from 
beneath  overlying  deposits  throughout  such  extensive  districts  of 
Central  Germany.  Though  here  only  exhibiting  a  thickness  of 
about  5  i&^ty  this  hlack  Bc^st  is  most  neatly  defin^  in  its  position 
between  the  erey  pebbly  rock  beneath  and  the  overlying  Iwnds  of 
limestone.  Tint  schist  is  httle  cupriferous  at  this  spot,  but  we  found 
in  it  many  fragments  of  the  characteristic  fossil  fishes. 

Zechstein  and  Scmdschie/er. — Above  the  Kupfer-schiefer  follow 
thin  stratified  layers  of  marly  limestone  (fig.  4,  c^),  on  which  the 
thick  masses  of  Zechstein  repose,  that  contain  the  Produetua  hor- 
ridus  and  many  other  fossils.  With  its  lateral  extension  this  forma- 
tion assumes  varied  mineral  characters,  some  of  which  are  more 
decisively  impressed  upon  it  in  certain  localities  than  in  others. 
Thus,  extendmg  from  Eisenach  by  Heiligenstein  and  Seebach  to 
Sdmierbach,  Fischbach,  Ilmenau,  Konigsee,  and  Saalfeld,  on  the 
north-eastern  flank  of  the  chain, — or  by  Altenstein,  Liebenstein, 
Herges,  Eisfeld,  and  Haich  near  Kronach,  on  the  south-western 
flaii^,  the  ordinary  limestone  passes  up  into,  and  is  often  entirely 
represented  by,  thick  masses  of  true  dolomite.  This  dolomite,  in 
which  oi^ianic  remains  are  found,  as  well  as  in  the  adjacent  marly 
limestone,  forms  highly  picturesque  clifBs,  particularly  around  lie- 
benstein, the  vertiod  faces  of  which  are  frequently  marked  by 
natural  openings  leading  into  extensive  caverns,  occasionaHy  con- 
taining in  the  detritus  of  their  floors  the  remains  of  extinct  fossil 
mammalia. 

It  is  also  in  this  zone,  and  chiefly  where  the  rock  is  a  dolomite,  that 
the  great  gypseous  masses  which  so  characterize  the  German  Zech- 
stein occur ;  and  of  these  we  shall  have  occasion  to  speak  more  at 
length  in  treating  of  the  region  of  the  Harz.  In  the  region  now 
under  review,  the  largest  natural  exhibitions  of  these  gypseous 
rocks  which  came  under  our  notice  lie  immediately  to  the  east  of 
Saalfeld,  or  near  the  foot  of  the  lofty  escarpments  of  the  overlying 
Bunter-Sandstein. 

At  Rheinhards-brunnen,  east  of  Gotha,  a  large  mass  of  gypsum, 
which  has  been  opened  out  by  a  gallery,  is  here  so  highly  crystalline 
and  transparent,  that  it  forms  (under  the  name  of  the  Glas-hohle) 
an  object  of  great  attraction  and  wonder  to  numerous  tourists  *. 

It  IS  also  to  be  remarked,  that  iron  ores,  both  the  "  braun-eisen  " 
and  spathose  varieties,  are  extracted  from  the  dolomitic  or  Upper 

*  Her  M^esty  the  Queen  visited  this  splendid  ctvern  in  1845,  and  H.R.H. 
Prince  Albert  transmitted  some  magnificent  specimens  of  the  crystallized  gypsnm 
to  Eng^d,  one  of  which  is  to  be  seen  in  the  mineralogical  gallery  of  the  British 
Mnseum. 
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Zechstein  at  Kamsdorf  near  Saalfeld,  where  they  occupy  two  beds, 
described  by  Bichter  *. 

The  natural  capping  of  the  great  masses  of  the  Zechstein  and 
Dolomite  with  its  gypsum  consists  of  the  r^ularly  bedded  brown- 
coloured  impure  fetid  limestone,  called  Bauch-kaiky  in  which  the 
characteristic  fossils  of  the  formation  cease. 

According  to  the  classification  proposed  by  one  of  us,  there  are» 
however,  yet  some  other  overlying  beas  (fig.  4,  e^)  which  form  the 
natural  summit  of  the  Permian  rocks,  but  which  have  hitherto  been 
classed  by  German  geologists  with  the  Bunter-Sandstdn  or  base  of 
the  Trias.  In  numerous  sections  they  are  indeed  seen  to  lie  in  the 
same  ridge  with  the  Zechstein  and  to  constitute  its  cap.  They  are 
the  lowest  part  ooly  of  the  Bunter-Mergel  of  Credner  (also  Sand- 
schiefer  or  Sandlge  Mergel-Schiefer  of  that  author),  and  are  finely 
laminated  and  saody  marlstone,  occasionally  exhibiting  a  mineral 
transition  through  their  calcareous  contents  into  the  underlying 
Zechstein  on  which  they  repose. 

We  have  for  some  years  thought  that  the  Bunter-Sandstein  of 
Central  Germany  ought  fairly  to  be  deprived  of  this  inferior  member, 
because  it  has  never  offered  any  Triassic  fossil,  whibt  it  has  been 
found  to  contain  a  Calamite  more  allied  to  the  palaeozoic  than  to  the 
mesozoic  deposits,  and  also  because  it  is  physically  and  mineralogically 
connected  with  the  Zechstein.  But  these  reasons  could  not  alone 
have  led  to  our  including  this  band  (fig.  4,  e^)  as  the  upper  limit  of 
the  Permian,  had  not  our  survey  of  Russia  taught  us,  that  over 
very  extensive  regions,  the  fauna  and  flora — i.  e.  reptiles  and  land 
plants  of  true  Permian  characters,  and  which  are  characteristic 
of  the  Zechstein  zone  of  Germany — ascend  in  Perm,  Orenburg, 
Kazan,  ^c,  far  above  that  zone  into  red  sandstones,  marls,  €md 
conglomerates.  In  that  vast  country,  where  there  are  no  inverdona 
of  the  strata,  and  where  the  beds  are  nearlv  horizontal,  there  can  be 
no  mistake.  Hence,  until  some  fossil  evidence  shall  invalidate  oar 
inference  founded  on  such  good  proofs,  physical  and  zooloffical,  we 
shall  continue  to  class  the  unfossihferous  bottom  rocks  of  the  nitherto 
so-called  Bunter-Sandstein  of  Germany  with  the  Permian  group.  In 
fact,  our  English  sections  of  the  true  Permian  series  where  it  is  best 
developed,  as  in  Nottinghamshire  and  Yorkshire,  sanction  this  clas- 
sification. In  his  excellent  memoir  on  the  Msgnesian  Limestone, 
Prof.  Sedgwick  has  shown,  not  only  how  the  Lower  Bed  Sandstone 
is  surmounted  by  the  equivalents  of  the  Kupfer-schiefer  and  Zech- 
stein, but  also  how  the  last-mentioned  is  capped  by  red  and  green 
marls,  which  he  associated  with  the  subjacent  calcareous  masses  f. 

The  fossils  of  the  Zechstein  have  been  so  long  studied  by  German 
naturalists,  that  if  such  were  our  object,  we  should  have  to  rder  to  a 
variety  of  works  for  a  complete  acquaintance  with  them.  Becently 
Professor  Geinitz  described  many  new  species,  and  subsequently 
M.  V.  Schauroth  %  has  added  other  forms  new  to  science,  and  haa  con- 

*  EinlAdungB-Progniiim  der  Realschule,  &c.  (p.  21),  1853,  Saalfdd. 

t  Tntns.  Geol.  Soc.  Lond.  2nd  ser.  voL  iiL  p.  37. 

X  ZdtMhrift,  Deutach.  Geolog.  GeselL,  Band  vi  p.  539. 
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duded  his  memoir  with  a  valuable  table,  in  which  all  the  species 
of  plants  from  Algee  to  Goniferae,  and  of  animals  from  Zoophytes 
through  Molluscs  and  Citotaceans  to  Fishes  and  Reptiles,  which  are 
common  to  Germany,  Great  Britain,  and  Russia^  are  specially  marked. 
By  this  comparison  we  learn,  that  out  of  one  hundred  and  thirty- 
eight  species  known  in  Grermany,  sixty-nine  or  one  half  are  British 
forms ;  twenty  of  these  German  species  being  found  in  those  yast 
eastern  provinces  of  Russia,  whence  the  name  of  Permian  was  derived. 
In  short,  we  see  in  the  Permian  that  which  is  common  in  our  own 
Isles  throughout  the  palaeozoic  rocks,  and  on  which  we  have  pre- 
▼iouflly  dwdt,  viz.  that  each  natural  group  is  characterized  by  a  cen- 
tral mass  of  limestone,  in  which  the  fos^  prevail,  and  from  which 
they  diminish  upwards  and  downwards  as  the  rocks  pass  into  sands, 
shale,  or  other  strata  void  of  or  slightly  charged  only  with  calcareous, 
matter. 

In  the  Permian  rocks,  then,  of  the  Thuringerwald  and  other  parts 
of  Germany,  we  consider  the  Zechstein  to  be  their  calcareous  centre ; 
for  the  era  of  the  Rothe-todte-tieeende  was,  on  the  whole,  too  turbu- 
lent and  its  sediments  too  much  dbarged  with  iron  oxides  to  lead  us 
to  look  in  them  for  any  good  examples  of  oreanic  remains.  In  fact, 
a  very  few  fragments  of  plants,  including  the  well-known  stems  of 
Ferns  called  Psaranite^y  are  all  that  we  usually  detect  in  the  deposit, 
though  in  certain  localities  where  the  physical  conditions  have  been 
favourable,  as  in  the  claystone  between  the  conglomerates  in  the 
environs  of  Zwickau  and  in  two  or  three  spots  in  Saxony,  an  abundant 
flora  has  rewarded  the  researches  of  Colonel  Gutbier  *. 

Now,  in  Russia,  the  physical  conditions  do  not  exist  which  in 
Germany  satisfactorily  account  for  the  restriction  of  the  fossils  to  one 
calcareous  zone.  In  the  first  place,  there  is  no  great  coarse  conglo- 
merate or  trappoid  breccia  beneath  the  limestones,  but  simply  some 
grits  and  sandstones  with  plants,  &c.  Again,  the  calcareous  matter, 
mstead  of  being  confined  to  one  zone,  reoccurs  even  in  the  form  of 
limestone  at  several  levels  (bands  of  red  and  variegated  sandstone 
being  interlaminated),  whilst  the  whole  of  the  limestone  is  crowned  by 
coarse  conglomerates  and  sandstones  infinitely  more  resembling  the 
Rothe-todte-liegende  than  any  of  the  subjacent  strata.  It  is  in  this 
upper  band  that  the  remains  of  reptiles  belongmg  to  the  group  of 
Protoroaauri  have  been  found,  which  in  Germany  is  found  beneath 
the  limestone.  It  is,  indeed,  in  these  overlying  sandstones  and  con- 
glomerates that  most  of  the  plants  of  the  Permian  or  quasi-Carbo- 
niferous type  occur,  the  same  upper  zone  being  also  that  which  is  so 
extensively  charged  with  copper  ore,  that  mineral  being  in  Grermany 
invariably  beneath  the  limestones. 

From  these  evidences,  therefore,  which  are  positive,  and  are  not 
discountenanced  by  any  data  in  Germany,  we  adhere  to  the  classifica- 
tion of  the  Permian  group  as  originally  defined  by  Murchison  and  his 
associates  Be  Yemeiul  and  Keyserling. 

*  Out  of  sixty  species  of  these  Pennian  plants,  forty  are  peculiariy  Pennian, 
and  of  these  several  are  identical  with  forms  brought  from  ttrata  which  He  above 
aU  the  Zeehttem  bands  m  Russia.    See  Verst.  Perm.  Systm.  in  Sachsen,  Heft  2. 
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Base  of  the  Meaozoic  or  Seeondary  Racks,  w.  the  Trias. — ^With- 
out having  any  pretension  to  describe  the  older  Secondaiy  rocks  or 
Trias  which  on  all  sides  overlie  the  palseozoic  rocks  of  the  chain  of 
the  Thuringerwald,  and  occupy  all  the  interjacent  countrv  extending 
northwards  to  the  Harz,  we  can  scarcely  avoid  calling  the  notice  of 
English  geologists  to  some  of  their  leading  features. 

We  have  already  said  that  no  animal  remains  have  been  detected 
in  the  Lower  Bunter-Sandstein  which  forms  the  base  of  the  Trias  of 
the  German  geologists.  Nor  are  we  aware  of  any  such  remains 
having  been  discovered,  except  in  the  upper  division  of  the  formation 
and  not  far  beneath  its  junction  with  the  lower  strata  of  the  Mus- 
chelkalk. 

Wherever  the  sandstone  has  been  found  to  be  fossHiferons,  whether 
9t  Hilburghausen  near  Coburg,  where  the  celebrated  footprints  of 
the  Cheirotherium  are  found,  or  at  any  locality  which  has  yielded 
the  remains  of  large  Saurians  {Trematosaurus,  Capitasmtrus,  Meto- 
piasy  Nothosaurus,  &c.),  it  is  the  superior  band  of  sandstone  in 
which  they  are  found, — a  rock  which  is  separated  by  a  vast  thickness 
of  strata  from  the  Zechstein  deposit  and  its  natural  capping.  All 
these  intermediate  strata  of  the  so-called  Bunter-Sandstein,  in  which 
no  remains  of  fossils  have  been  detected,  constitute  therefore  what 
must  at  least  be  called  debateable  ground  by  all  geologists  who 
classify  formations  according  to  their  imbedded  remains.  Nor  can 
the  field  observer  who  may  work  out  his  inductions  by  the  collocan 
tion  and  mineral  character  of  the  rocks  offer  any  good  reason  for 
attaching  these  intermediate  red  sandstones  to  the  Trias  above,  rather 
than  to  the  Permian  below  them.  For;  as  has  been  already  shown, 
certain  Permian  animals  and  plants  rise  high  into  those  red  sandstones 
and  conglomerates  which  in  Russia  lie  ahove  the  Zechstein. 

As  far,  therefore,  as  evidences  go,  they  are,  I  repeat,  entirely  in 
favour  of  our  placing  the  upper  limit  of  the  Permian  higher  than  it 
has  been  provisionally  drawn ;  since  if  the  Russian  analogy  is  found  to 
hold  good  in  Germany,  our  associates  in  that  country  must  neces- 
sarily separate  all  the  Lower  Bunter  from  the  Trias  and  class  it 
with  the  Permian.  Even  when  we  refer  to  mineral  charactera  and 
the  nature  of  the  physical  sequence,  we  can  find  in  Germany  no 
reason  whatever  for  placing  the  lower  limit  of  the  Trias  where  it 
now  stands  according  to  native  authora.  If  lithological  distinctions 
be  appealed  to,  we  see  TOod  spotted  sandstones,  red,  white,  and  green 
(particularly  in  Saxony),  botn  below  and  above  the  Zechstem,  thus 
exhibiting  the  Permian  as  a  Lower  or  Palaozoie  Trias. 

Now,  the  Permian,  which  is  thus  a  Lower  Trias,  is  everywhere 
throughout  Germany  completely  conformable  to  the  original  and 
superjacent  Trias,  which,  having  the  great  and  widely  extended  Mus- 
chelkalk  as  a  central  limestone  between  two  formations  of  sand  and 
red  marl,  was  justly  so  named. 

Without  a  break,  and  without  the  trace  of  eruptions,  which,  per- 
forating the  lower  strata,  have  spread  out  their  coulees,  cinders,  and 
ashes  in  those  contemporaneous  sheets  which  abound  in  the  subja- 
cent palseozoic  rocks,  the  highest  Permian  strata,  t.  e.  from  the 


Digitized  by 


Google 


1855.]  MURCHISON  AND  MORRIS — THE  HARZ.  429 

Zechstein  upwards,  graduate  insensibly  by  mineral  characters  into 
the  Lower  or  unfosnliferous  Bunter,  or  the  Uppermost  Permian  of 
our  sections.  The  next  overlying  mass,  which  we  consider  to  be  the 
real  Bunter^  with  its  upper  courses  containing  fossils,  gypsum,  and 
some  calcareous  matter,  forms  the  true  natural-history  base  of  the 
original  Trias.  Then  comes  the  Muschelkalk  with  its  lower  band  of 
thin  wavy  or  undulating  flaggy  limestone,  known  as  '^  Wellenkalk," 
its  central  mass  with  gypsum,  and  its  superior  division  a  limestone ; — 
each  loca%  characterized  by  certain  species  of  fossils.  Lastly,  we 
have  the  Keuper  marls  and  sandstones,  with  a  base  called  Letten- 
Kohle  (from  certain  thin  layers  of  carbonaceous  matter  contained  in 
it),  a  middle  band  with  gypsum,  and  a  third  or  Upper  Sandstone  on 
which  the  Lias  rests. 

Whilst  all  this  Triassic  group  has,  through  its  imbedded  fossils, 
whether  animal  or  yegetable,  a  community  of  character,  the  dominant 
t^es  being  found  in  its  ^at  calcareous  centre  (including  many  Sau- 
nans  and  Fishes  and  a  nch  invertebrate  fauna),  there  are  not  in  the 
whole  group  any  forms  identical  with  what  existed  at  the  close  of  the 
Palseozoic  sera.  An  entirely  new  creation  succeeded  in  this  firat  stage 
of  MesoKoic  succession ;  and  yet  this  wonderful  chanee  in  life  was 
unaccompanied  by  any  visible  interference  with  the  regular  increment 
of  submarine  and  estuary  matter,  and  without  any  dislocations  or 
disturbances  of  the  successive  sea-bottoms  in  which  the  fossil  animals 
are  imbedded. 

We  have  dwelt  pointedly  on  this  great  feature  of  geology  in  other 
works*,  but  we  revert  to  it  specially  on  this  occasion,  since,  as  far  as 
we  know,  there  are  no  tracts  in  Europe  in  which  the  conformable 
succession  of  the  uppermost  palaeozoic  and  the  lowest  mesozoic,  as 
characterized  by  distinct  relics,  is  so  well  exhibited  as  on  the  flanks 
of  the  Thuringerwald,  and  in  the  region  lying  between  that  chain  and 
the  Harz, — a  vast  trough,  in  which  the  grand  undulations  of  the 
Trias  are  so  clearly  exposed. 

PART  II. 

The  Harz. — Long  as  the  Harz  Mountains  have  been  explored  by 
naturalists,  and  well  as  their  mineral  composition  and  fractures  are 
known,  through  the  labours  of  Yon  Buch,  Hausmann,  and  others, 
their  true  geobgical  history  is  yet  far  from  complete.  Referring  little 
to  the  numerous  mineralogists  who  formerly  wrote  on  this  small  but 
highly  diversified  excrescence  on  the  surface  of  Northern  Germany 
before  its  palaeozoic  classification  was  attempted,  we  can  now  do  little 
more  than  o£Per  some  additions  to  a  memoir  written  in  the  year  1839, 
and  published  in  the  Geological  Transactions  by  Sedgwick  and  Mur- 
chison.  IiT  that  Memoir  it  was  shown,  for  the  first  time,  that  a  large 
portion  of  its  so-called  '^grauwacke  and  quartz  rocks"  was  of  no 
higher  antiquity  than  our  British  Lower  Carboniferous  deposits,  and 
was  the  true  equivalent  of  the  ''Culm"  series  of  schists,  hmestones, 
and  grits  of  Devonshire; — ^that  a  great  mass  beneath  the  above, 

*  Set  particularly  '  Russia  in  Europe/  vol.  i.  p.  582 ;  '  Siluria,'  p.  464.    . 
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oonsistmg  of  limestone  and  schists,  was  of  the  same  age  as  those 
strata  to  which  we  had  then  just  assigned  the  name  Deronian ;  and 
the  helief  was  expressed  that,  whilst  certain  shelly  sandstones  (Ram- 
melsberg  near  Goslar)  probahly  stood  in  the  place  of  the  uppermost 
Silurian,  the  rocks  occupying  the  south-eastern  portion  of  these 
mountains,  and  in  which  at  that  time  a  yeiy  few  imperfect  TrOobites 
only  had  been  found,  would  prove  to  be  among  the  oldest  in  the  chain. 

Though  it  formed  no  part  of  that  earlier  sketeh  to  describe  the 
secondary  deposits  which  range  along  the  northern  flank  of  the  ridge, 
still,  as  on  two  different  occasions  the  authors  had  cast  a  rapid 
general  glance  over  them,  they  indicated  some  of  their  chief  dislo- 
cations and  remarkable  inversions  of  order.  They  also  treated  of  the 
probable  periods  at  which  the  granite  of  the  Brocken  and  other 
Igneous  rocks  around  that  mountain  had  been  erupted. 

At  that  time,  however,  the  ''  Zechstein "  was  classed  with  the 
Secondary  rocks,  and  not  grouped,  as  it  has  since  been,  with  the 
"  Rothe-todte-ti^nde,"  so  as  to  constitute  that  which  one  of  ns 
has  since  termed  **  Permian." 

A  notice  like  the  present,  which  is  brought  before  the  Geological 
Society  after  an  interval  of  fifteen  years,  must  necessarily  indwate 
other  features  and  new  bases  of  classification,  the  result  of  recent 
researches  and  comparisons.  At  the  same  time,  it  is  due  to  Prof. 
Sedgwick  and  his  coadjutor  to  state,  that  their  views  regarding  the 
*'  Culm  "  strata  and  the  underlying  Devonian  limestones  and  s<£ists, 
as  well  as  their  opinion  that  the  south-eastern  portions  of  the  Han 
were  older  than  the  western  limits,  have  all  proved  to  be  correct. 
In  short,  the  general  order  of  superposition  of  the  strata,  since  called 
**  palaeozoic,"  which  was  then  indicated,  is  accurate.  The  only 
changes  made  are  palaeontological,  not  stratigraphical,  and  conmst  in 
the  application  to  the  Harz  of  that  portion  of  the  classification  by 
organic  remains,  established  in  the  Rhenish  provinces  by  Ferdinand 
Roemer  and  the  brothers  Sandberger,  wherebv  the  sandstone  char^^ 
with  large  "  Spirifers  "  has  been  abstracted  firom  the  Upper  SUunan 
of  the  ori^al  sketch  aUnded  to  and  classed  as  ''Lower  pevonian," 
a  change,  which  has,  indeed,  been  long  ago  adopted  by  ourselves  and 
all  geologists. 

In  the  present  communication  we  shall  therefore  in  the  first 
instance  simply  attempt  to  give  a  general  sketch  and  fill  up  some 
lacunae  of  detail  in  the  distribution  of  the  palaeozoic  rocks  of  the 
Harz  ;  leaving  it  to  native  geologists  to  complete  what  is  still  want- 
ing, a  fuU  illustration  of  this  convulsed,  mineralized  and  metamor- 
phosed region, — a  task  which,  however  difficult  of  accomplishment, 
nas  been  commenced  by  M.  Adolf  Roemer,  by  the  publication  of  a 
geological  map. 

General  view  of  the  order  in  which  the  Pakeogoie  Rocks  succeed 
each  other  in  the  Harz. — In  a  tract  so  perforated  by  ^eous  rocks 
of  various  characters,  and  where,  as  we  approach  the  chief  axis,  or 
that  of  the  Brocken,  even  the  carboniferous  or  culm  rocks  are  often 
in  a  crystalline  condition  and  in  inverted  positions,  it  is  hopeless  to 
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look  for  dear  evidences  of  the  general  saccession  of  the  strata.  Nor 
can  we  expect  to  find  satisfactory  proofs  of  order  in  the  highly 
mineralized  masses  which  range  from  Clansthal  by  Andreasberg 
towards  Hasselfeld»  where  deposits  of  yery  different  age  lie  fre- 
quently in  juxtaposition,  and  are  often  hignly  altered,  and  enclose 
Teins  of  argentiferous  galena,  copper,  &c. 

At  the  south-eastern  extremity  of  the  region,  and  where  the 
mountainous  outline  subsides  into  featureless  low  hills  and  plateaux, 
the  river  Wippra,  flowing  in  a  deep  valley,  exposes  peculiar  crystal- 
line rocks.  These  consist  of  masses  of  glossy,  thinly  foliated,  grey 
and  greenish  '*shillat"  or  chlorite  slate,  with  innumerable  subordinate 
laminse  of  white  quartz.  On  the  north  bank  of  the  gorge  these 
strata  are  well  exposed  on  the  sides  of  the  steep  precipitous  road 
which  descends  to  the  village  of  Wippra,  where  tn^  are  vertical  or 
very  highly  inclined,  with  a  strike  from  N.£.  to  S.  W.  Though  we 
followed  the  Wippra  valley,  by  the  picturesque  Schloss  *  of  Ram- 
melsbei^  and  its  eruptive  rocks,  amidst  a  reddish-coloured  grau- 
<^acke,  to  Biesengeroae,  Yaterrode,  and  Lembach  to  Mansfel^  we 
could  see  no  natural  sections  i^xhibiting  any  consecutive  order  until 
we  met  with  the  conglomerates  of  the  Bothe-todte-liegende,  lying  un- 
conformably  on  older  strata,  "  grauwacke,''  the  white  quartz  bands  of 
which  had  evidently  afforded  the  pebbles  of  the  red  conglomerate. 

We  incline  to  the  belief,  that  the  glossy  chloritic  and  quartzose 
slates  of  the  Wippra  are  probably  the  oldest  in  the  chain,  and  for 
the  following  reasons : — First,  that  we  are  unacquainted  vrith  any 
rocks  like  them  in  the  general  series  of  deposits  of  the  Harz  (which 
we  are  about  to  notice),  whilst  they  bear  a  strong  mineralogical 
resemblance  to  the  oldest  sediments  of  the  Thurineerwald.  2ndly. 
That  the  Wippra  schists  most  resemble  (if  mdeed  they  are  not  a 
southerly  extension  and  probably  an  inferior  portion  of)  those  ad- 
jacent strata  near  Harzgerode,  which,  judging  from  the  fossils,  are 
supposed  to  be  of  Upper  Silurian  age.  As,  however,  no  country 
can  well  be  more  featmreless  and  obscure  than  the  tract  between  the 
Wippra  and  Hansserode,  we  offer  this  surmise  with  caution ;  the 
more  so,  as  the  only  rocks  visible  in  the  intervening  tract  are  a  few 
bosses  of  greenstone  or  other  igneous  rocks  with  contorted  flinty 
slates  (Kieselschiefer). 

Silurian  roeksf, — ^In  the  tract  extending  from  the  environs  of 
Harzgerode  on  the  east  towards  Guntersberg,  Hasselfeld,  and  An- 
dreasberg on  the  west,  a  series  of  low  undulations  expose  here  and 
there  bosses  of  limestone,  in  which  fossils  have  been  detected  at  a 
few  localities  only.  In  one  of  these  masses  of  limestone,  as  exposed 
to  the  west  of  Harz^rode,  and  formerly  noticed  by  Sedgwick  and 
Murchison,  and  also  in  another  a  mile  or  two  further  to  the  west,  at 

*  We  are  not  aware  that  any  other  British  geologists,  except  ourselves,  have 
examined  the  banks  of  the  Wippra. 

t  Since  this  memoir  was  read,  I  have  been  informed  that  M.  Ad.  Roemer  has 
discovered  Qrtg^toUtn  in  some  of  the  schists  of  Lanthenthal,  and  the  existence 
of  tme  Silorian  rocks  in  the  western  as  well  as  in  the  eastern  Haiz  is  thus 
indicated.— R.  I.  Mvbcbuok,  Sept.  11, 1855. 
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the  lime-works  of  the  Silber-Hutte,  a  few  imperfect  fosnls  were 
long  ago  observed.  At  the  latter,  a  limestone  subordinate  to  greenish 
and  myish  schists  is  followed  upwards  by  a  much  coarser  grauwacke, 
which  becomes  almost  a  conglomerate.  Here  the  strike  is  nearly 
N.  and  S.  and  the  dip  £. ;  but,  as  the  dips  of  these  schists,  grits,  and 
calcareous  interpolations  frequently  change,  we  now  only  notice  the 
direction  and  inclination  of  the  beds  at  the  Silber-Hutte,  because 
the  strata  there  have  a  strike  transverse  to  the  usual  direction  of 
the  older  rocks. 

Passing  into  the  Selke-Thal,  the  continual  undulation  of  the 
strata  is  well  seen  in  the  gorge  between  Alexis  Baden  and  Magde- 
sprung.  Unable  to  decide,  in  a  rapid  survey  of  this  confused  tract, 
whether  the  rocks  at  Alexis  Baden  lie  over  or  under  those  of  Mag* 
desprung,  we  met  at  that  place  with  strata  well  exposed  in  quarries 
on  the  left  bank  of  the  Selke,  which  have  been  much  opened  out 
in  the  years  which  have  elapsed  since  they  were  examined  by  Sedg- 
wick and  his  coadjutor.  There  the  succession  is  decidedly  exposed, 
and  thanks  to  the  labours  of  M.  Bischof,  Inspector  of  Mines,  a  rich 
collection  of  fossils  has  been  made,  ^hich,  as  we  thmk,  determines 
one  mass  of  these  rocks  (t.  e,  the  cidcareous  member  of  them)  to  be 
Silurian.     (See  fig.  5.) 

Fig.  5. — Section  of  the  Upper  Silurian  Rocks  at  Magdetpmnff. 
Distance  H  mile. 

N.W.       MlgdflQ>nmg.  8.B. 


e.  Sehiati  and  randrtone.  a*.  Altered  adiiste. 

b,  Limotone  with  Upper  Silmiaa  foeiili'  g.  Greenstone  and 

a.  Flagatonea  wHh  Planta.  rocka. 


The  inferior  strata  visible,  as  exposed  in  the  so-called  *'  Treppen 
Stufen  "  or  great  flagstone  quarries  opposite  the  hamlet  of  M^nle- 
sprunff,  have  the  normal  strike  of  N.E.-S.W.,  and  dip  to  the  S.£. 
at  65  .  They  are  very  fine-grained,  have  glossy  surfaces,  and  are 
of  bluish-grey,  purple,  or  greenish  tints,  so  that  they  are  distin- 
guishable in  mineral  aspect  from  both  the  ordinary  Devonian  and 
the  Culm  rocks  of  the  cnain.  Either  they  have  no  cleavage,  or  the 
divisional  planes  are  coarse  and  coincide  with  the  bedding.  The 
flagstones,  the  varied  green  and  grey  tints  of  which  indicate  the 
successive  strata,  are  cut  across  by  devious  and  irregularly  meander- 
ing clefts  called  '^Stossen"  by  the  workmen.  These  are  fre- 
quently accompanied  by  quartzose  veins,  and  when  they  approach 
to  horizontality  are  made  use  of  by  the  workmen  as  stages  or  tops 
and  bottoms  for  Quarrying  out  tne  flagstones.  The  slabs  are 
often  of  veiy  large  oimensions,  whilst  their  surface,  exhibiting  undu- 
lation and  ripple-marks,  leave  no  doubt  of  the  true  nature  of  their 
beddm^.  This  is,  indeed,  still  more  unequivocally  proved  by  their 
exhibitmg  (though  very  rarely)  traces  of  plants  and  apparentlv  the 
trails  of  animals.     Some  of  the  plants  have  the  aspect  of  forked  sea- 
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weeds ;  bat  one  large  and  true  land  plant  has  also  been  found,  and 
has  been  called  by  M.  Adolf  Boemer  a  SigiUaria,  On  the  whole^ 
these  flagstones,  which  when  extracted  are  occasionally  10  feet  by 
7  feet,  reminded  us  in  their  aspect  of  the  Scottish  Arbroath  paving 
stones,  and  the  so-called  Yalentia  slates  of  Ireland,  both  of  Devonian 
age*. 

Plunging  distinctly  at  65°  to  the  S.E.,  these  strata  are  followed 
by  others  slightly  di£Pering  in  mineral  characters,  but  which,  being 
little  cut  into,  are  not  so  well  known  as  those  at  the  works  of  Mag- 
desprung ;  but  the  apparent  ascending  order  is  unambiguous  in 
exposing  a  seemingly  conformable  succession  upwards,  vrith  a  dip 
to  the  S.£.  for  alK>ut  half  a  mile,  until  a  band  of  hmestone  {o) 
is  reached,  in  which  the  numerous  fossils  have  been  found  which 
constitute  the  Silurian  collection  of  M.  Bischof.  This  hmestone, 
from  30  to  40  feet  thick,  is  hard  and  crystalline,  of  dark  grey 
colour  with  white  veins,  rough  to  the  touch,  and  is  separated  into  a 
lower  and  upper  portion  by  a  thin  course  of  schist.  In  another  layer 
of  schist  which  immediately  overlies  the  hmestone,  we  detected 
innumerable  smaU  Tentaculites-f.  In  the  mass  of  the  limestone 
M.  Bischof  collected  numerous  organic  remains,  of  which  we  will 
only  now  aUude  to  those  that  best  prove  the  rock  to  be  of  Upper 
Silurian  age :  some  of  them  we  now  exhibit.  Thus,  among  several 
genera  of  IHlobites  we  recogniaed  Calymene,  Acidaspis,  Idchas,  and 
Cheirurus,  common  in  Upper  Silurian  and  unknown  in  Devonian 
rocks,  lliese,  however,,  are  associated  with  Phacops  and  Bronteus, 
which  chiefly  prevail  in  the  Devonian.  Among  the  mollusca  are 
LeptiBHa  transDeredliSy  and*  2^.  borealis  and  L,  robustus  (Barr.), 
Nerita  haliotis,  Orbieula  Forbeniy  Acroculia  depressa  (haliotis,  SU. 
var.),  Orthis  alata,  together  vdth  the  corals  Favosites  Gothlandica 
and  Cystipkyllum  turbinatum.  Again,  whilst  the  above  are  un- 
questionably Silurian,  Terebratula  prtTicept,  and  some  other  forms, 
indicate  a  close  approach  to  the  Devonian. . 

These  fossiliferous  flagstones,  schists,  and  hmestone  are  sur- 
mounted by  a  coarser  grauwacke  approaching  to  gritty  sandstone, 

*  In  a  memoir  recf^ntly  published  in  the  *  PaUeontographica '  of  Dunker  and 
Von  Meyer  (Cassel,  1855),  M.  Adolf  Roemer,  in  further  describing  the  structure 
of  the  Han,  has  given  a  map  of  the  tract  around  Elbingerode,  which  repre- 
sents a  considerable  band  of  Silurian  grauwacke  with  an  included  limestone  along 
the  north  flank  of  the  chain,  S.  of  Wernigerode,  followed  by  various  subdivisions 
of  the  Devonian  series  from  the  Spirifer-sandstone  through  the  Wissenbach  schists, 
Stringocephalns-limestone,  grauwacke,  schist,  and  schaalstein  to  the  Iberger  or 
Upper  Devonian  limestone. 

In  the  short  notices  prefixed  to  the  descriptions''  of  the  fossils,  the  author  has 
misunderstood  the  opinions  I  formed  as  to  the  age  of  the  limestones  of  the 
Schneckenberg  near  Harzgerode,  and  of  the  flagstones  with  plants  near  Magde- 
sprung.  With  regard  to  the  former,  I  did  not  see  sufllcient  fossil  evidence  to 
enable  me  to  come  to  a  decisive  opinion,  though  it  is  probable,  judging  from 
some  of  the  forms  described  by  Roemer,  that  the  rock  may  be  Upper  Silurian. 

The  age  of  the  flagstones  of  Magdespruog  with  plants  has  been  regarded  by  me 
in  the  text  as  Devonian, — and  not  Silurian,  as  stated  by  Roemer.  The  recent  dis- 
coveries of  large  land-plants  low  down  in  the  rocks  of  Devonian  age  in  Caithness 
would  seem  to  sustain  this  suggestiou.~R.  I.  M.,  Oct.  12, 1855. 

t  Resembling  T,  kevit  of  the  Devonian  rocks,  but  probably  another  species. 
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and  that  again  by  finer  scbists  (fig.  5,  c).  As,  however,  we  ooold  hear 
of  no  limestone  nor  fossils  in  those  masses,  and  had  little  time  at  our 
disposal,  we  did  not  explore  them  to  the  edge  of  the  chain,  where 
thej  are  oyerlapped  unconformablj  by  some  Upper  Carboniferous 
strata,  the  latter  being  covered  by  conglomerates  or  the  Rothe-todte- 
liegende.     (See  Trans,  (reol.  Soc.  2  ser.  vol.  vi.  p.  295.) 

But  whilst  we  thus  recognized  the  exbtenoe  of  an  Upper  Silarian 
rock  in  the  limestone  near  Magdesprong,  we  were  unable  to  follow 
it  upwards  to  a  junction  with  strata  unequivocally  Devonian,  or 
downwards  to  any  other  Silurian  rocks. 

In  fact,  no  sooner  do  we  issue  from  that  portion  of  the  Selke 
valley,  in  which  for  a  very  short  space  there  is  a  connected  and 
ascending  series,  and  proceed  towards  Gemrode  and  Blankenbui^ 
on  the  north  and  west,  and  Alexis  Baden  on  the  west,  than  we  meet 
with  much  eruptive  rock  (fig.  5,  g),  prii|cipall;f  "  gabbro,''  green- 
stone, hypersthene,  and  gramte,  aU  of  which  rising  to  considerable 
heights  cut  off  the  sequence  and  exhibit  on  their  flanks  many  ex- 
amples of  altered  strata.     (See  Section  fig.  5,  a*.) 

renetrated  as  the  tract  is  by  such  eruptive  rocks,  and  obscured  in 
great  parts  by  wild  woodlands,  it  is  manifestly  impracticable  with 
our  present  knowled^  to  affirm  that  the  strata  near  Magdespmng^ 
as  exhibited  in  the  Section  fig.  5,  are  not  overturned.  The  large 
plants  found  in  the  flagstones  are  unlike  anything  ever  detected  in 
Silurian  rocks,  and  resemble  Devonian,  if  not  Lower  Carboniferoufl 
forms.  Again,  whilst  the  animal  relics  of  the  limestone  are  said  to 
approach  most  in  character  to  Barrande's  uppermost  Sflurian  of 
Bohemia,  they  make  (according  to  Mf .  Salter,  who  has  examined 
the  specimens  we  have  collectec^  a  very  near  approach  to  Devonian, 
and  contain  some  species  which  are  certainly  of  that  age. 

Seeing  the  amount  of  protruded  igneous  rock  to  the  west  of  these 
strata  of  Miigdesprung,  we  must  leave  it  to  be  ascertained  by  future 
researches  in  this  most  dislocated  tract,  whether  the  flagstones  of 
Magdesprung  are  not  of  younger  age  than  the  limestone,  and  that 
the  whole  series  has  been  inverted.  Such  inversion  would  indeed 
surprise  no  geolonst  who  knows  the  Harz ;  for  on  the  northern  flank 
of  the  chain  the  Permian  and  Secondary  rocks  are  occasionallv  seen 
in  overturned  positions ;  the  younger  strata  underlying  the  older. 

If  M.  Adolf  Boemer's  first  map  be  appealed  to,  we  see  in  it  a  con- 
firmation of  this  idea ;  for,  according  to  his  view,  the  culm  or  Carbo- 
niferous masses  are  usually  interpokted  between  the  chief  eruptive 
rocks  and  the  Devonian  and  Silurian  groups  I 

Other  rocks  containing  Upper  Silurian  fossils  have  been  discovered 
in  a  ver^  small  patch  or  two  only  on  the  northern  flank  of  the  gra- 
nitic axis  of  the  Ross-Trappe  near  Dsenburg,  and  particularly  by 
M.  Jasche  of  the  latter  place.  We  visited  one  of  the  localities,  called 
E^losterholz,  accompanied  by  that  gentleman,  and  found  there  a  small 
portion  of  dark  limestone,  which  had  been  formerly  quarried  for 
mining  purposes,  on  the  side  of  a  rivulet  in  the  woodlands  which 
there  slope  rapidlv  from  the  chain.  But  no  physical  features  of 
other  rocks  are  there  visible.     It  is  simply  a  boss  of  hard  lime- 
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Stone  on  the  grassy  flank  of  the  Patter  Berg,  and  which,  haTiiuj^  no 
Tisible  relation  to  the  altered  grauwacke  or  eniptiye  rocks  of  the 
monntain  on  the  south,  is  at  once  succeeded  on  the  north  bj  mural 
and  more  or  less  vertical  Zechstein  with  gypsum,  followed  by  Mus- 
chelkalk  and  other  secondary  formations  up  to  the  Chalk  inclusive. 
Debarred  there&re  from-  pronouncing  any  opinion  respecting  the 
relations  of  the  protruding  bosses  of  the  older  limestone,  we  have 
merely  to  report  upon  their  chief  fossils,  as  extracted  by  the  assiduous 
labours  of  M.  Jasche,  for  in  our  brief  inspection  we  could  observe 
no  organic  renuiins  in  the  rocks  in  situ. 

Among  the  fossils  collected  by  M.  Jasche  *,  we  saw  several  which 
would  unquestionably  induce  us  to  view  them  as  Silurian ;  such  as  a 
Pentamenuy  not  distant  from  P.  Kniffhtii,  and  very  much  resembling 
P.  Vogtdieus  of  the  Ural  Mountains ;  Orthis  antxquata^  and  two  or 
three  others  of  that  genus,  one  of  which  is  near  to  O.  expansa, 
another  to  O.  elepamiula ;  Chcnetes  (Lept€Bna)  lata  (the  small  form), 
Z.  depresaa;  Orbicula  rugatOy  O,  Forbesiii  (Davidson);  Lingula 
minima  i  CamuliteSy  &c.  There  are  also  forms  of  Terebratula, 
such  as  T.  princeps,  Barr.,  and  T,  meUmiay  Barr.,  which  mark  the 
uppermost  Silurian  of  Bohemia,  and  are  also  undoubted  Devonian 
types.  There  are  here  other  forms  which  unquestionably  have  more 
of  a  Devonian  than  a  Silurian  character.  Sucn  were  the  Phaeopa  and 
the  Amplexus ;  and  to  these  must  be  added  the  Terebratula  prinr 
cepsy  to  which  M.  de  Yemeuil  (who  has  seen  the  collection  since 
we  inspected  it)  attaches  great  weight  as  a  good  Devonian  type. 
Another  spot  whence  M.  Jasche  has  procured  many  fossils  is  called 
Tannenberg,  and  these  have  a  more  Silurian  character  than  those 
of  Klosterholz,  including  Cardiola  interrupta,  with  many  Lamelli- 
branchiate  shells  {Grammynay  CypriearduBy  &c.),  and  Orthoceratitee 
both  laree  and  small. 

It  is  nif  hly  probable,  therefore,  that  if  all  the  older  palaeozoic 
strata  whidi  were  originally  deposited  in  this  neighbourhood  could 
be  detected  amidst  tlie  dislocated  chaotic  piles  resulting  from  the 
eruptions  of  the  granitic  and  other  igneous  rocks  of  the  chain,  we 
should  meet  with  links  which  connect  the  uppermost  Silurian  with 
the  true  and  well-known  fossiliferous  base  of  the  Devonian,  or  the 
**  broad-winged  Spirifer  strata  "  of  the  Bhine.  Already,  indeed,  the 
rock  of  Klosterholz  exhibits  an  approach  to  that  deposit  in  the 
several  species  of  Spirifer  which  occur  in  it,  though  none  of  these 
are  known  Devonian  forms ;  still  less  has  the  Phurodictyum  pro- 
hlematicumy  or  any  of  the  types  common  in  the  lowest  Devonian  rocks 
of  the  adjacent  Bammelsberg  near  Gk)slar,  been  found  near  Ilsenburg. 
Until  better  evidences  be  produced,  we  would  therefore  also  class 
these  rocks  as  Upper  Silurian,  and  consider  them  as  a  link  higher  in 
the  series  than  the  limestone  of  Magdesprung. 

In  a  memoir  recently  publishedf ,  M.  Carl  Prediger  has,  indeed, 

*  In  the '  Palsontognphica,'  vol.  v.  part  1, 1855,  are  detailed  descriptioiii  and 
figures  of  the  fossils  from  these  localities  by  Adolf  Roemer,  forming  a  portion  of 
the  3rd  part  of  his  '*  Geology  of  the  North-western  Harz." 

t  Zdtschrift  fiir  die  gesammten  Natnrwisaenschaften,  Halle,  June  1854,  p.  34. 
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thrown  some  additional  light  on  the  western  extremity  of  the  region 
which  Boemer  has  coloured  in  his  map  as  Silurian.;  though  it  must 
he  ohserved  that  some  of  the  most  unequivocal  of  our  Silurian  locali- 
ties are  therein  laid  down  as  *'  Culm."  After  describing  four  classes 
of  sedimentary  rocks  under  the  terms  of  Grauwacke,  Grauwacke- 
scfaiefer,  Thon-schiefer,  and  Quarsfels,  besides  other  rocks  of  meta- 
morphic  or  igneous  origm,  he  indicates  that  which  we  shall  presently 
speak  of  as  a  series  of  true  Carboniferous  strata,  as  origiDauy  stated 
in  the  *  Transactions  of  the  Geological  Society,'  2  ser.  vol.  yi. 

The  same  author  also  mentions,  towards  the  close  of  his  paper,  a 
considerable  mass  of  hmestone  to  the  north  of  Wieda  which  is  foe- 
siliferous.  Not  having  seen  the  organic  remains  of  that  rock,  we 
cannot  affirm  that  this  limestone  is  truly  Silurian,  as  belieyed  b^  M. 
Adolf  Boemer,  though,  if  its  organic  remains  be  correctly  identified, 
we  have  little  doubt  that  M.  Barrande  would  class  the  rock  with  the 
Upper  Silurian  of  the  Continent.  The  fossils  are  said  to  be,  7>re- 
bratvda  prineept  (Barr.),  T.  bidentata  (His.),  Spiri/er  eultrijvffotuf 
(Sow.),  Cardium  striatum  (Sow.). 

Knowing  as  we  now  do,  that,  besides  this  mass  to  the  north  of 
Wieda,  there  are  numerous  odier  protrusions  of  limestone  which 
have  scarcely  been  examined,  between  that  place  and  Harzgerode  on 
the  east,  and  beheving  that  these  quasi-Silurian  rocks  on  the  south 
are  not  separated  from  the  unequivocal  Devonian  rocks  of  Elbin- 
gerode  on  the  north  by  any  continuous  band  of  eruptive  rocks,  we 
trust  that,  notwithstanding  the  monotonous  and  covered  outline  of 
the  country,  closer  researches  will  obtain  the  requisite  proofs  of 
order  in  an  ascending  series. 

Devonian  Bocks, — These  rocks  occupy  altogether  a  considerable 
space  to  the  east  and  south  of  the  northern  granitic  axis,  though 
seldom  in  masses  of  any  great,  continuous  extent.  Like  all  the  other 
sedimentary  formations,  they  occur,  for  the  most  part,  in  disjointed 
masses,  separated  either  by  igneous  or  highly  altered  and  metamor- 
phosed rocks,  so  that  the  true  sequence,  even  from  one  member  of 
the  group  to  another,  is  seldom  to  be  detected.  The  oldest  unequi- 
vocal Devonian  stratum  of  the  Harz,  as  on  the  Bhine,  is  the  Spiriier- 
sandstone  with  its  associated  slates  and  schists.  The  largest  and 
dearest  exhibition  of  this  rock  is  to  be  'seen  in  the  weU-known  hill  of 
the  Bammelsbere,  which  overlooks  the  ancient  town  of  Goslar  from 
the  south,  and  which,  owing  to  the  aid  of  M.  Zincken,  who  furnished 
us  with  good  fossils,  was  paralleled  by  Sedgwick  and  Murchison 
with  the  shelly  sandy  "  grauwacke"  of  Coblentz.  Clearly  defined  by 
the  presence  of  characteristic  large  Spirifers,  the  Pleurodictyum  pro* 
blematicutn,  a  HomalonotuSf  and  otner  fossils,  there  could  be  no 
doubt  respecting  the  age  of  this  subformation,  which  here,  as  in  the 
Bhenish  provinces,  is  associated  with  slaty  schists,  both  underlying 
and  overlying.  Thus,  near  Goslar,  the  slates  of  Nordberg,  and  others 
to  the  south  of  the  town,  which  are  truly  Devonian,  seem,  as  formerly 
indicated*,  to  pass  by  a  great  inversion  under  the  Spirifer-sandstone, 

*  Trana.  GeoL  Soc.  Load.  2  ser.  yoI.  ri.  p.  291. 
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whilst  other  schists  overlie  the  latter.  To  term  either  of  these  slaty 
masses  the  Wissenbach  slates,  without  the  strongest  and  most  copious 
fossil  evidences,  would  be  presumptuous ;  for  even  in  the  Rhenish 
provinces,  the  succession  on  the  two  banks  of  the  Bhine  presents 
no  means  of  making  such  close  comparisons.  In  putting  forth  this 
caution,  and  particmarly  in  so  convulsed  and  fragmentary  a  tract  as 
the  Harz,  we  are  bound  to  state,  that  M.  Adolf  Boemer  believes,  that 
a  course  of  Lower  Devonian  or  Spirifer-sandstone  near  Schalefeld  and 
Zellerfeld  (which  we  did  not  see)  is  overlaid  bv  Calceola-schiefer, 
and  that  the  latter,  which  on  the  left  bank  of  the  Rhine  is  the  well- 
known  base  of  the  Eifel  limestone,  is  surmounted  by  slates  which  he 
considers  to  be  of  the  same  age  as  those  of  Wissenbach,  because  they 
contain  the  Bactrites,  a  Cephalopod  first  supposed  to  be  an  Ortho- 
ceratite,  and  peculiar  certainlv,  as  far  as  we  Know,  to  the  deposit  in 
question.  But  though  peculiar  in  the  Rhine  country  to  the  Wis- 
senbach slates,  we  cannot  suppose  that  this  fossil  may  not  be  found 
throughout  a  considerable  thickness  of  the  schistose  grauwacke  of 
Lower  Devonian  age.  Not  having  seen  the  onlv  locality  where  this 
sequence  is  said  by  M.  Adolf  Boemer  to  be  indicated,  we  must  apo- 
logixe  for  doubting  whether  the  true  order  in  the  Harz  differs  after 
all  from  that  established  on  the  banks  of  the  Bhine.  Not  question- 
ing the  sincerity  with  which  M.  Boemer  has  come  to  his  conclusion, 
we  beg  to  say  that  in  such  a  complicated  and  obscure  case  as  that 
of  the  Harz,  our  inference  must  also  mainly  depend  upon  the  pre- 
cision with  which  the  terms  ** Wissenbach  slate"  ana  '^Calceola- 
schiefer "  are  applied.  In  speaking  of  the  rocks  in  the  Harz,  the 
geologist  who  has  explored  the  Bhenish  provinces  well  knows  that 
the  Calceola-schiefer  of  the  Eifel  or  left  bank  of  the  Bhine  has  no 
exact  representative  on  the  right  bank,  and  that  the  Wissenbach 
slate  of  tne  latter  is  not  recognizable  in  the  former. 

Again,  supposii^  that  in  the  localities  above  mentioned,  the  strata 
are  ^uly  so  name£  not  merely  from  the  actual  presence  of  one  fossil 
or  from  lithological  resemblance,  it  must  also  be  shown  clearly,  in  a 
country  where  mversions  of  strata  are  so  very  frequent,  that  the  beds 
are  in  their  normal  position. 

Passing,  however,  from  this  subject  of  detail,  on  which  we  hope  to 
satisfy  ourselves  on  a  future  occasion,  we  would  next  remark,  that 
even  the  lithological  distinctions  of  the  subformations  of  the  Devonian 
rocks  of  the  Harz  are  so  irregular  and  fugitive,  that  the  features 
which  are  dominant  in  one  part  of  the  tract  disappear  altogether  at  • 
the  distance  of  a  few  miles. 

Thus,  putting  aside  what  may  be  considered  the  equivalent  of  the 
Wissenbach  slates  and  Calceola-schiefer  of  the  Bhenish  provinces, 
we  see  towards  the  east  and  in  the  environs  of  Elbingerode,  and  be- 
tween that  place  and  Huttenrode,  enormous  masses  of  limestone,  the 
lowest  of  which  is  unquestionably  of  the  same  age  as  the  great  De- 
vonian or  Eifel  limestone  of  the  Bhine ;  since  it  contains  String<h 
cephalus  Burtini,  Branteus,  and  other  characteristic  fossils. 

It  is  specially  this  limestone  which  has  afforded  such  large  quan- 
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titles  of  iron  ore  in  the  Harz.  It  is  often  so  saturated  with  iron, 
that  the  calcareous  portions  are  just  sufficient  to  serve  as  a  flux  for 
the  smeltiDg  of  the  ore.  This  is  weU  seen  at  the  Blaue  Binge  Mines 
in  the  BCicherberg,  north  of  Elbingerodey  of  which  we  annex  a  dia- 
gram to  exhibit  the  contortions  of  the  strata  (fig.  6). 

There  the  iron  rock,  plunging  under 
much  schist  and  interlanunated  volcanic 
ash  or  "  schaalstein,*'  is  distinctly  overhiid 
towards  Elbingerode  by  coarse  gritty  grey- 
wacke^  and  the  latter  by  dark  schists ;  the 
whole  of  which  are  seen  to  be  surmounted 
by  a  dark  limestone  of  totally  different  cha- 
racters from  that  beneath.  Though  much 
contorted,  fractured,  and  perforated  by 
dykes  of  black  porphyry  and  bosses  of  a 
light  porphyry  with  pinite,  this  upper  lime- 
stone, wlucn  is  highly  crystalline,  passes  at 
one  place  into  bUck  and  in  another  into 
varieeated  coralline  marble,  and  occupies 
the  diffs  of  the  gorge  of  the  river  Bode 
near  Rubiland,  and  its  well-known  caverns. 

Though  fossils  are  rare  in  it,  Terehratula 
cuhcidea  and  other  forms  elsewhere  charac- 
teristic of  the  Upper  Devonian  have  been  de- 
tected by  M.  Adolf  Boemer ; — ^fossils  quite 
distinct  from  those  of  the  inferior  or  Strin- 
gocephalus  limestone.  In  passing  from  the 
valley  of  the  Bode  over  the  plateau  by  Hiit- 
tenrode  towards  Blankenburg,  the  upper 
limestone  is  seen  to  be  separfS«d  from  the 
ironstone  by  bands  of  schists,  grauwacke, 
and  schaalstein. 

The  section  (fig.  6)  explanatory  of  this 
succession  is  merely  offered  as  a  very  rude 
approximation ;  for  whilst  we  believe  that 
it  is  correct  in  presenting  a  general  view  of 
the  relation  of  the  two  limestones  and  their 
separation,  we  are  aware  that  numberless 
features  of  the  strata  which  are  not  visible 
at  the  surface  and  many  points  of  eruptive 
rock  have  been  omitted. 

Our  chief  objects,  however,  in  calling  at- 
tention to  these  two  l^nestones  of  Elbinge- 
rode and  the  Bode-Thal  are  to  show — 

1st.  That  even  the  lowest  of  them  is  entirely  distinct  from  the 
limestones  of  the  adjacent  tract  on  the  east,  watered  by  the  Selke, 
and  which  we  have  shown  to  be  Upper  Silurian. 

2ndly.  That  in  following  these  calcareous  rocks  westward  aloiiff 
the  southern  slopes  of  the  Brocken  to  the  tracts  between  Groslar  a^ 
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Oaiathal,  and  Btin  more  whcDifeimTmiethe^ 
the  lower  ImiestoDe  thins  oat,  and  the  onlj  cakaieooB  loeks  Tisible 
between  enormooB  masses  of  inferior  slaty  granwacke  with  Bmetrite^ 
called  ''^issmbach  slate"  by  Roemer/and  the  overlying  Cavhoni- 
feroQs  rocks,  is  that  which  is  dearly  the  apper  limestone,  as  distin* 
g;ii]shed  by  the  Terehratula  ntbcides  and  other  fossils. 

This  is  seen  at  and  to  the  north  of  the  bridge  near  the  mining 
works  of  Laothenthal,  in  a  natniai  section  pointed  oat  to  ns  by 
M.  Ad.  Boemer  himsdf  (see  fig.  7). 

Fig.  7. — SeeHan  of  the  Lower  Carbomfertnu  and  the  Dewmum 
Rocks  in  the  Lautkenikal.    Distance  aboat  2  miles. 


[>.  Hoboni  tdiisti,  «i&  PotSdomomgu  BeekerL 
jr.  KieMbefaiefer. 
tf.  Suidy  Mbiata. 
rd.  Crpridina-alwle  (Upper  DeroniaB). 
I  e.  Scniste  and  Cypriduui-limeatoiie. 
j  b.  Place  of  Strincoeephahia-limMtoiM  (doraded). 
La.  Slaty  Uack  adbiata. 

Now  whether  M.  Boemer  be  correct  or  not,  in  assigning  to  the  in- 
ferior slates  of  this  section  the  place  of  the  Wissenbach  slates,  because 
he  has  found  the  Bactritea  in  them,  it  is  manifest  that  there  is  here 
no  representatiye  of  the  Stringocephalus-limestone,  for  hundreds,  nay, 
thousands  of  feet  of  slaty  rocks  are  well  exposed  between  Lauthen- 
thai  and  Goslar  without  a  course  of  subordmate  or  underlying  lime- 
stone to  represent  the  rocks  of  the  £ifel,  which  are  so  clearly  exhi- 
hited  in  other  parts  of  the  Harz.  At  Goslar,  on  the  contrary,  the  only 
inferior  rock  met  with  is,  as  before  said,  the  Spirifer-sandstone.  On 
the  other  hand,  the  ascending  section  at  Lauthenthal  is  clear.  Tlie 
oyerlying  calcareous  strata  contain  schists  charged  with  Cypridina, 
whicn  pass  into  calcareo-concretionary  beds  with  Terebratula  pug- 
m»;  the  whole  representing  the  Uppermost  Deyonian. 

In  fact,  these  masses  not  only  resemble  the  Kramenzel  or  **  ant- 
stone  "  of  the  Rhine,  which  is  of  that  age,  but  are  overlaid  by  schistose 
granwacke,  which  is  immediately  covered  by  the  Lowest  Carboni- 
ferous beds  (here  in  the  state  of  Kiesel-schiefer),  and  these  by  other 
schists  which  are  identically  the  same  schistose  representative  of  the 
Carboniferous  Limestone  which  at  Uerbom  and  so  many  places  in  the 
Rhenish  provinces  and  elsewhere,  as  well  as  in  the  British  Isles,  is 
cliarged  with  the  Pondonomya  Becheri,  as  well  as  with  GontatiteSs 
Crinoids,  and  many  land  plants. 

As,  therefore,  there  is  no  true  representative  of  the  Eifel  limestone 
in  the  Lauthenthal,  where  the  consecutive  series  is  so  well  exhibited 
and  where  so  little  eruptive  rock  appears,  the  reader  may  judee  of  the 
impossibility  of  reasoning  on  the  general  succession  from  the  litho- 
logical  evidence  of  any  one  local  section. 

This  rapid  change  in  mineral  conditions  is  again  seen  in  the  west- 
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Bm  end  of  the  old  rocks  of  the  Han.  We  have  merely  to  pass  €rom 
the  Lauthenthal  a  few  miles  to  the  N.N.W.,  when,  inst«id  of  the 
nodular  calcareo-schists  we  have  just  spoken  of  as  Upper  Devonian, 
we  find  ourselves  at  the  feet  of  enormous  masses  of  amorphous 
crystalline  limestone,  void  of  all  alternating  schists,  which  stand 
out  from  the  dense  woodlands  to  the  north  of  the  yillu;e  of  Grund. 
The  chief  of  these  is  the  pyramidal  boss  called  the  Uiibigenstein. 
In  these  altered  amorphous  masses  it  is  almost  impossible  to  trace 
stratigraphical  relations  among  the  fragments.     (See  fig.  8.) 

Fig.  8. — Section /rom  near  Clau9thal  to  beyond  Hubigenstein. 
Distance  about  7  miles. 


Pamuaa. 
Lownr  CariioiiUiBnnn* 


I 
(WoodlnidB  ttid  (Unlmowik.) 

dopes  covered 
withdebrU.) 
'g»  Zedittein  and  OypnuB. 
./.  B<^e-todte-li^icnde. 
e.  Culm  sandstone  mnd  addsti. 

d.  Sandstones  (Millstone-grit  7). 

e.  Carboniferous  limestone  and  schists.     Kieselsdiicfer,  &e. 
h.  Place  of  the  Upper  Dcroman. 

a.  Stringocephalus-Iimestone,  with  iron  ore;  modi  altered  and 
mmal  mansw  of  marUe  (Habigenstein). 


Analogically,  however,  and  by  comparing  them  with  the  rocks  of 
Elbingerode,  something  may  be  inferred.  In  the  first  place,  we  see 
that  on  its  western  side,  the  chief  boss  of  limestone  is  flanked  by 
highly  ferruginous  red  schists,  succeeded  by  vertical  bands  of  iron- 
stone, which,  if  not  absolutely  in,  are  clearly  associated  with  Devonian 
limestone  containing  corals  and  exposing  traces  of  beds  plunging 
rapidly  at  45°  to  the  S.E.  Passing  over  these  ^ou  come  to  the  great 
fissured  abnormal  masses  of  limestone  (Hubigenstein),  on  one  of 
which  a  cross  is  placed,  and  in  which  aU  traces  of  stratification  dis- 
appear. When,  however,  we  know  that  the  Strit^ocephaiua  Burtim, 
Spirifer  mtUtintffata,  TerebrattUa  reticularis,  Pentamerus  ffaleatvst, 
with  Trilobites  of  the  genera  Bronteus  and  Cheintrus,  have  been 
found  in  or  near  these  rocks,  there  can  be  little  hesitation  in  saying 
that  we  have  in  them  representatives  of  the  Eifel  limestone. 

Whether  the  eastern  peak  of  the  Hubicenstein  belones  to  the 
lower  or  upper  Devonian  hmestone,  it  would  be  difficult  to  determine 
from  its  altered  and  crystalline  aspect ;  but  numerous  fossils  charac- 
teristic of  the  latter  are  found  in  the  debris  of  the  adjacent  wood- 
lands on  the  east,  which  belong  unequivocally  to  the  higher  rock, 
such  as  Terebratula  cuboides  and  its  associates. 

Transition  from  Devonian  to  Carboniferous. — ^We  have  a  still 
better  palseontological  proof  of  an  ascending  succession  in  the  same 
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locality  fVom  west  to  east  in  the  fact,  that  a  limestone  of  another 
mineral  character,  which  succeeds  to  the  last,  contains  many  highly 
characteristic  fossils  of  the  Carboniferous  Limestone.  These  occur 
chiefly  in  detached  fragmentary  portions  of  the  rock,  resulting  from 
partial  excayations  made  by.  miners  in  search  of  ore  in  the  highly 
mineralized  tract  north  of  Grund,  where,  besides  lead,  stray  veins  of 
barytes  are  apparent  even  at  the  surface. 

In  the  spots  to  which  we  were  conducted  by  M.  Adolf  Roemer, 
we  could  indeed  detect  no  physical  signs  of  any  order  of  succession, 
except  the  very  obscure  eiridence  above  noticed  in  proceeding  from 
those  strata  on  the  west,  which  our  contemporary  considers  to  be 
"  Culm,"  whilst  we  view  them  as  unequivocal  JDevonian  iron  schists, 
probably  lower.  We  were,  however,  informed  by  a  miner  named 
jXedrich,  who  has  been  the  collector  of  fossils  around  Grund,  that  at 
a  spot  called  the  "  Ecke,"  a  high  pomt  in  the  wood,  which  M.  Ad. 
Roemer  had  not  then  examined,  and  about  two  miles  east  of  Grund, 
a  dark  ffrey  limestone,  as  distinguished  from  the  white-veined  De- 
vonian rock,  occurs  in  regular  b^s,  exposed  in  a  thickness  of  about 
10  feet  ^Section  fig.  8,  c). 

Whether  this  collector  obtained  any  of  his  dark-coloured  fossils 
from  this  solid  rock,  or  from  fragments  at  other  spots,  it  is  manifest 
that  such  fossils  are  nearly  all  well-known  CarbonUerous  types; 
amounting,  according  to  Ad.  Roemer,  to  about  forty  species,  whilst 
the  same  authority  enumerates  upwards  of  two  hundred  from  the 
adjacent  Devonian  limestone. 

In  saying  thus  much  as  derived  from  fossil  evidence  only,  we  have 
introduced  a  general  section  across  the  Hubigenstein  (see  fig.  8),  to 
show  how  difficult  it  is  in  a  hasty  visit  to  assign  the  true  physical 
order  to  this  distorted,  mineralized,  and  amorphous  mass.  Obscure 
as  this  hilly  tract  is  from  its  dense  woodlands,  still  a  dose  compari- 
son of  the  works  of  the  miners — ^particularly  a  reguter  of  all  the 
strata  passed  through  in  a  great  adjacent  adit,  which  is  about  a  mile 
in  length;  to  say  nothing  of  the  natural  features  which  may  be 
detected  m  the  gon;es  and  the  summits, — ^would  no  doubt  yield  up 
to  close  researches  hke  those  of  our  Government  Survey,  much  more 
accurate  results  than  any  which  have  been  yet  obtamed. 

In  the  mean  time,  the  fossils  which  are  found  in  and  about 
Grund  entitle  us  to  say,  that  they  exhibit  a  transition  from  true 
Devonian  into  the  Carboniferous  group.  They,  in  fact,  quite  con- 
firm the  description  of  this  tract  given  in  the  year  1839,  which  states, 
'*  We  have  no  doubt  that  thei  calcareous  mass  of  Grund  is  a  true 
Devonian  limestone,  and  that  the  overlying  beds  are  the  equivi^ 
lents  of  those  parts  of  the  Westphalian  sections  which  extend 
from  the  great  [Carboniferous]  limestone  to  the  base  of  the  Coal- 
measures*." 

Carboniferous  Rocks. — From  what  has  already  been  said,  it  will 
have  been  observed,  that  the  lowest  members  of  the  Carboniferous 
rocks,  where  they  are  in  contact  with  or  pass  into  the  Upper  De- 
*  Trans.  Geol.  Soc.  Lond.  2  ser.  vol.  tL  p.  289. 
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TOiiiaii,  are  in  one  spot  (as  at  Lanthenthal)  in  the  form  of  ffinty 
slates  (KieselHSchiefer)  and  Posidonomya  schists  (fig.  7,  «,  ft  g), 
while  in  another  lociditj  distant  only  four  or  fiye  English  miles, 
they  are  limestones  charged  with  numerous  Produeti  and  fossils  of 
the  Mountain  Limestone  (fig.  8,  e,  d,  e). 

In  its  partial  appearance  and  disappearance  within  very  short 
distances,  and  in  its  passage  into  fiinty' schist  and  Posidonomya  shale, 
the  Carboniferous  Limestone  of  the  Western  Harz  entirely  resembles 
the  rock  of  the  same  age  in  Westphalia,  as  described  by  one  of  us 
and  his  companion,  and  those  of  the  Thiiringerwald  and  Saxony.  In 
no  other  part  of  this  region,  except  near  Grund,  is  there  any  band 
of  Carboniferous  limestone  like  that  in  question.  But  its  associates 
and  equivalents  occur  in  very  many  spots,  and  specially  near  Clausthal, 
where  some  of  the  richest  reins  of  true  argentiferous  galena  traverse 
the  strata  containing  the  Posidonomya  BecAeri,  with  occasional  hard 
flinty  slate. 

These  Posidonomya  strata,  often  of  very  considerable  dimensions, 
and  inclined  in  every  direction  from  verticality  to  a  slight  deviation 
from  horizontality,  are  succeeded  upwards  by  other  sandstones  and 
schists,  which  we  considered  to  be  of  the  same  age  as  the  Millstone- 
grit  and  Culm  deposits  of  England.  Occasionidly  there  are  to  be 
seen  great  masses  of  thick-bedded  sandstone  of  lightish  colours, 
which  were  described  as  having  subordinate  layers  of  micaceous  flag- 
stone and  dark  carbonaceous  shale,  as  well  as  beds  of  a  veiy  coarse 
grit,  with  granules  of  greasy  quartz  as  large  as  peas,  like  some 
varieties  of  the  millstone  grit  of  Britain. 

The  greater  and  uppermost  mass  of  all  this  series  was  said  to  consist 
of  dark  shale  and  schist,  with  very  thin-bedded  hard  sandstone,  con- 
tainins  reed-like  and  grassy  small  plants ;  and  this  was  first  compared 
by  Sedgwick  and  Murchison  with  the  Culm  fields  of  Devonshire. 

It  would  appear  that  subseouent  researches  (even  to  the  year 
1 854  inclusive)  have  confirmed  tnese  early  oomparisons.  Besides  the 
labours  of  M.  Adolf  Roemer  near  Clausthal,  where  the  dislocations 
are  so  sreat  as  to  render  it  almost  hopeless  to  trace  any  order,  except 
through  the  discovery  of  fossils,  Ve  again  call  attention  to  the  me- 
moir of  M.  Carl  Prediger,  who  seems  to  have  met  with  some  physical 
proofs  of  succession  to  the  south  of  Andreasberg.  The  '^altere 
JTtt  ^m-grauwacke  "  of  this  author  is  the  band  which  was  formerly 
shown  by  English  geologists  to  be  the  equivalent  of  the  Carboniferous 
Limestone  and  Posidonomya  shale ;  this  "  JTti^m-sandstein"  (which 
in  the  long  ridge  of  the  Bruch  Berg  becomes,  as  in  the  Taunus,  a 
sort  of  quartz  rock)  is  that  which  they  paralleled  with  the  Millstone- 
grit  ;  and  his  "  obere  JTw^m-grauwacke  "  is  the  Culm-field  proper  of 
North  Devon,  as  long  ago  indicated  *. 

*  We  are  the  more  particalar  in  referring  the  reader  to  the  original  oompari- 
■on  by  Sedgwick  and  Mnrchison  whereby  these  rocks  were  first  paralleled  with 
the  Cubn  series  of  the  S.W.  of  England,  because  modem  German  writers,  like 
M.  Prediger,  seem  to  ignore  the  fact.  M.  Prediger  refers  to  M.  Adolf  Roemer 
as  the  author  of  a  comparison  which  is,  we  belieye,  exclusively  that  of  the  Enriish 
explorers  of  1839.  See  Trans.  Geol.  Soc  Lond.  2  ser.  vol.  vL  (Section  ironi 
Osterode  to  Clausthal)  p.  288. 
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Upper  PaUeozoic  Rocks  surrounding  the  Chain  of  the  Harz, — 
The  physical  feature  of  the  geographical  outline  of  the  Harz  being 
at  right  angles  to  the  ancient  strike  of  the  older  rocks  of  the  chain, 
which  was  formerly  noticed  by  Humboldt,  and  dwelt  upon  by  Sedg- 
wick and  Murchison,  is  analogous  to  the  phenomenon  already  pointed 
out  in  the  Thuringerwald.  In  the  Harz,  as  in  Thuringia,  the  Permian 
deposits  (with  some  slight  underlying  courses  of  coal,  see  fig.  10, 
p.  445)  are  abruptly  and  entirely  separated  from  all  the  more  ancient 
rocks,  including  the  Lower  Carboniferous,  and  form  a  girdle  around 
an  elongated  eUipsoid,  the  major  axis  of  which  trends  from  W.N.W. 
to  E.S.E.,  or  nearly  at  right  angles  to  the  origmal  direction  of  the 
older  and  elevated  deposits. 

When  the  original  communication  above  cited  was  offered  to  the 
Geological  Society,  the  formations  known  as  the  Rothe-todte-liegeude 
were  classed  with  the  Secondary  rocks ;  but  since  then  they  have 
been  grouped  as  Upper  Palaeozoic,  under  the  name  of  Permian.  In 
respect  to  the  few  shreds  of  coal  which  have  been  detected  around 
the  Harz,  they  all  lie,  we  believe,  beneath  the  red  rocks  as  in  Thu- 
ringia ;  and  we  are  now  of  opinion  that  in  the  example  of  Meisdorf, 
near  Ballenstedt,  the  coal  is  not  subordinate  to  the  red  conglomerate, 
as  was  once  supposed,  but  crops  out  from  below  it*. 

That  great  red  conglomerate  and  sandstone  (the  Rothe-todte- 
liegende),  which  is  the  equivalent  of  the  Lower  Red  Sandstone  of 
Britain,  appears  as  a  wrapper  of  very  unequal  dimensions  around  the 
western,  southern,  and  eastern  parts*  of  the  chain.  Thinly  developed 
to  the  south  of  Lauthenthal,  between  the  older  slaty  rocks  and  the 
Zechstein,  it  is  not  again  visible  in  proceeding  east^^rds  until  we 
reach  the  environs  of  Sachsa  and  Ilfela,  where  it  was  formerly  shown f 
to  be  associated  in  its  lower  parts  with  a  vast  accumulation  of  newer 
and  quasi  stratified  red  porphyry, — the  "quarz-freier  porphyr"  of  the 
Germans.  In  the  hill  of  Kyfhausen,  to  the  south  of  that  tract, 
many  silicified  stems  of  ferns  (Psaronites)  are  found,  similar  to  those 
which  occur  in  rocks  of  the  same  age  in  Saxony  and  Thuringia. 

The  clearest  and  most  instructive  natural  section  of  this  deposit, 
in  a  small  space,  with  which  we  are  acquainted,  where  it  flanks  the 
Harz,  is  at  Leimbach,  near  Mansfeld. 

Accompanied  by  M.  Hoffman,  attached  to.  the  mines  of  that  place, 
we  examined  in  some  detail  the  hill  to  the  north  of  it  (see  fig.  9). 

Fig.  9. — Section  of  the  Permian  Rocks  at  Leimbach. 
Distance  about  1  mile. 

Leimbach. 


e.  Zechstein.    (Bottom  beds  concrttionary.)         b.  Deep-red  shaly  sandstone. 

d.  Red  eaithy  sandstone.  a*  Porphjritic  and  amygdaloidal  conglome- 

c.  Conglomerate  with  white  quarts-pebbles.  rate. 

*  Trans.  Geol.  Soc.  Lond.  2  ser.  voL  vi.  p.  295.    This  coal  is  not  now  worked, 
t  See  Trans.  Geol.  Soc.  Lond.  2  ser.  vol.  vi.  p.  286,  and  section  fig.  15^ 
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1.  Among  the  lower  beds  visible  towards  the  west  is  an  amyg- 
daloid (fig.  9,  a)  composed  of  two  varieties  of  quartzless  porphyry, 
one  of  which  contains  small  nests  of  zeoUte  in  a  base  of  felspar-wacke. 
The  other  is  a  sort  of  "  bladder-stein"  with  green  earth,  and  both 
are  interlaminated  with  the  red  sandstone,  and  are  manifestly  con- 
temporaneous with  the  other  strata. 

2.  A  thick  mass  of  deep  red,  earthy,  thin-layered  sandstone  (&), 
containing  many  grains  of  wnitish  felspar.  Though  not  exhibited  in  the 
hill  of  Leimbach,  this  part  of  the  formation  (south  of  Mansfeld)  affords 
extensive  quarries  of  finely  laminated,  but  thick-bedded  building- 
stone;  the  beds  being  separated  at  intervals  by  earthy  greenish  layers. 

3.  A  whitish-coloured  conglomerate  (c),  studded  with  many  pebbles 
of  white  quartz,  doubtless  derived,  as  before  stated,  from  the  old 
quartz  rocks  of  the  Wippra  Thai  (see  p.  431).  This  band  forma  a 
striking  feature  on  the  hill  side. 

4.  Dark  red  argillaceous  sandstone  (d),  with  thin  concretionary 
courses  of  brown  and  grey  calcareous  grit. 

5.  The  underlying  strata  just  described  are  at  once  conformably 
overlaid  by  about  30  feet  of  Zechstein  (e),  the  base  of  which,  how- 
ever, is  iU-exhibited.  It  appears  that  the  German  miners,  who 
have  so  accurate  an  acquaintance  with  their  Kupfer-schiefer,  have 
not  been  able  to  detect  it  here,  in  its  usual  place  between  the  lower 
rock  and  the  Zechstein.  The  course  sets  in,  however,  in  that  posi- 
tion a  little  to  the  east  of  Mansfeld.  This  layer,  originally  deposited 
in  the  state  of  cupriferous  mud,  must  here  have  thinned  out  on  an 
ancient  pebbly  shore,  the  bed  of  which  now  forms  the  escarpment 
described.  In  other  and  adjacent  tracts  of  Central  Germany,  its 
extraordinary  persistence  over  wide  areas  has  already  been  explained. 

The  magnificent  ruins  of  the  once  powerful  castle  of  Mansfeld 
stand  on  the  upper  and  pebbly  beds  of  the  Rothe-todte-liegende ; 
but  great  dislocations  have  affected  the  flanks  of  this  mass,  and  no 
good  section  like  that  of  Leimbach  is  there  to  be  seen. 

Before  we  quit  the  consideration  of  the  Rothe-todte-liegende  of  the 
region  around  the  Harz,  we  beg  to  state,  that,  although,  as  before  said, 
there  are  very  rare  occurrences  of  poor  and  thin  cod  in  that  rock,  all 
the  best  local  authorities,  including  M.  Plumecke  of  Ebleben,  are 
agreed,  that  the  old  coal*  properly  so  called  (the  Stein-kohlen-gebirge 
of  the  Germans)  lies  entirely  beneath  the  Red  rock.  Having  also  in- 
terrogated M.  Breslau,  a  practical  "  bergmeister  "  who  has  observed 
the  progress  of  a  great  trial  for  coal  now  going  on  near  Rotheburg,  we 
ascertained  that  slightly  inclined  red  sandstone  and  conglomerate,  in 
which  one  thin  course  of  limestone  without  fossils  has  been  noted,  have 
there  been  pierced  to  a  depth  of  1000  feet  without  a  trace  of  coal. 
Though  the  sneculators  hope  to  find  it  beneath  the  great  Red  cover, 
we  have  already  adverted  to  much  deeper  sinkings  in  the  same  rock, 
near  Eisenach,  which  have  entirely  failed. 

Zechstein,  with  Kup/erschiefer  and  other  associated  strata. — 
In  numerous  places  around  the  older  rocks  of  the  Harz,  the  Zechstein 

♦  At  Wettin,  llmenaOr  Ac. 


Digitized  by 


Google 


«> 

•« 


1855.]  MURCHISON  AND  MO|LRIS — THE  HARZ.  445 

and  associated  strata  are  extensive  deposits         ^ 
which  sometimes  rest  upon  the  Rothe- 
todte-liegende  as  just  mentioned^  but  are  ^. 

often  placed  at  once  on  the  edges  of  the  ;§ 

older  slaty  rocks.    At  Osterode  and  to  the  I 

W.S.W.,  the  Zechstein  is  characterized  by  S 

vast  interlaminated  bands  of  anhydrite,  | 

which,  on  weathering,  become  gypsum. 

The  fine  laroinee  of  sulphate  of  lime  are 
quite  apparent,  and  as  the  beds  both  repose  | 

upon  and  are  surmounted  by  limestone,  it      g  I 

might  be  inferred  by  some  geologists,  that 
the  intermediate  beds  of  uihydrite  were 
formerly  carbonate  of  lime,  which  have 
been  altered  by   the  transfusion  of  sul-     ^ 
phuric  acid.  m$ 

To  the  south  of  Sachswerfen,  where  the      g 
Zechstein   reposes  on  the    Rothe-todte-     cq 
hegende,  it  is  seen  to  be  conformably  sur-     4S 
mounted  by  beds  of  earthy  red  sandstone ;     J     g 
and,  although  these  have  been  hitherto     ^    "g 
classed  with  the  Bunter-Sandstein,  or  base     .|    | 
of  the  Trias,  we  have  already  assigned      g    | 
reasons  why  this  lower  portion  of  that  rock     |^ 
should  be  considered  as  the  natural  roof     *^ 
of  the  Zechstein,  and  therefore  classed  with      g 
the  Permian*.   The  accompanying  section     *^ 
(fig.  10),  showing  a  succession  from  the     ^ 
younger  coal-beds,  resting  against  highly-      ^ 
inclined  Lower  Carboniferous  strata,  and      », 
followed  by  Permian  rocks  to  the  south  of     t§* 
the  Uarz,  is  taken  from  the  Geol.  Trans.      ^ 
2  ser.  vol.  vi.  p.  286.     See  also  the  Dia-     ;^ 
gram  of  the  Permian  succession  on  the     ^ 
flanks  of  theThuringerwald,  p.  424.  § 

In  extensive  portions  of  their  range,  the  "§  2 
chief  limestones  are  dolomites.  Near  c8  ^ 
Mansfeld,  where  the  lower  part  only  is  | 
seen,  the  rock  is  a  subconcretionary,  flat-  o  . 
bedded,  impure,  sandy  hmestone,  of  dark  "^  J 
brown  colour,  weathering  into  insulated 
turrets,  like  some  of  the  Sunderland  beds. 

*  We  much  regret  not  to  have  had  time  to  "^ 

visit  the  remarkable  insulated  mass  of  Permian  u 

rodcs  which  lies  a  few  miles  to  the  S.E.  of  Nord-  ^ 

hausen.    There  the  conglomerates  of  the  Rothe-  S 
todte-liegende  contain  P«arom/e«(Kyf  hausen  near 

Kelbra).    These  rocks,  associated  with  melaphyre  ^ 

and  surmounted  by  Zechstein,  rise  up  through  g>5 

the  wide  extent  of  Trias  that  lies  between  the  ^^ 

Thiiringerwald  and  the  Harz.    We  hope  to  ex-  |  3 

plore  hereafter  this  insular  Permian  mass.  .    m 

2h  2  55     ^ 
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In  the  environs  of  Eisleben,  however,  where  numberless  sinkings 
have  been  made  to  extract  ore  from  the  underlying  copper-slate,  the 
miners  observe  with  minute  precision  the  mineral  character  of  every 
layer  of  the  deposit.  The  underlying  rock  is  the  "  Weiss-Liegende," 
which,  as  before  said,  forms  the  natural  base  of  the  Zechstein.  This 
light  greyish  pebbly  bed,  of  about  3  or  4  feet  in  thickness,  is  at 
once  conformably  covered,  as  on  the  flanks  of  the  Thuringerwald, 
by  the  Kupfer-schiefer  with  its  fossil  fishes  and  pecuhar  flora,  all  of 
which  are  here  contained  in  a  thickness  of  2  feet.  This  is  sur- 
mounted by  a  little  shale  and  impure  limestone,  and  then  by  about 
28  feet  of  anhydrite  and  gypsum,  and  the  overlying  succession  is 
made  of  the  alternations  of  rocks  locally  called  ''Asche,'*  ''Stink- 
stein,"  and  "  Rauch-kalk." 

The  lower  portion  of 'the  Bunter-Sandstein,  which  immediately 
rests  on  the  Zechstein,  clearly  exhibits  a  passage  into  it,  and  forms 
its  natural  cover.  The  lowest  of  these  beds  near  Eisleben  consist  of 
greenish  calcareous  shale,  with  concretions  of  impure  limestone, 
similar  to  some  of  the  immediately  underlying  beds  of  Rauchstein 
and  Stinkstein.  Again,  in  some  of  the  red  and  green  beds,  thin 
courses  of  coaly  matter  have  been  found  (Gerdstedt). 

Looking,  then,  at  the  similarity  of  these  features  to  those  of  strata 
having  the  same  position  in  the  Tbiiringerwald,  we  necessarily  adhere 
to  the  Permian  classification  already  proposed. 

Secondary  or  Meaozoic  Rock*, — ^Though  it  does  not  enter  into 
our  present  plan  to  describe  the  succession  of  secondary  rocks, 
whether  triassic,  Jurassic,  and  cretaceous,  or  of  the  older  tertiary 
rocks,  which,  flanking  the  granite  of  the  Brocken  and  the  Ross- 
Trappe,  and  their  associated  slaty  rocks,  constitute  the  mural,  broken, 
and  occasionally  inverted  bands  to  which  attention  was  formerly  *  di- 
rected, we  think  it  right,  in  taking  leave  of  the  Harz,  to  say  a  few  words 
respecting  these  younger  rocks,  if  only  to  show  what  great  movements 
have  afl*ected  all  the  strata  from  the  Bunter-Sandstein  to  the  Upper 
Chalk  inclusive,  if  not  also  certain  older  Tertiary  strata. 

The  Bunter-Sandstein  of  the  Trias,  N.  of  the  Harz,  contains  a  very 
remarkable  baud  of  ferruginous  pisolite,  the  ''  Rogenstein  "  of  the 
Germans,  which  to  the  east  of  Ilsenburg  is  exposed  in  vertical 
bands  f. 

Above  this  rock,  and  between  it  and  the  Muschelkalk,  is  a  lighter- 
coloured  and  often  yellowish  sandstone,  in  which  Saurians  occur,  in- 
cluding the  Tretnatosaurua,  the  finest  specimens  of  which  have  been 
detected  at  Bernberg,  in  the  north-eastern  extension  of  this  for- 
mation. 

Of  the  Muschelkalk  we  will  only  say  that  its  upturned  edges  iare 
admirably  displayed  towards  the  north-eastern  end  of  the  flank  of 
the  Harz,  between  Ballenstadt  and  Quedlinburg,  flanked  by  the 
Keuper  sandstone. 

Above  the  Trias,  the  Lias  of  Quedlinburg  is  copiously  rich  m  fos- 

*  Trans.  Geo!.  Soc.  2  ser.  vol  vi.  p.  291. 

t  One,  if  not  others,  of  the  mag;nificent  old  churches  of  Brunswick  is  built  of 
this  "  Rogenstein." 
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sils,  and  is  followed  by  representatives  of  both  the  lower  and  upper 
Jurassic  deposits,  often  in  rapid  undulations. 

In  Hanover  and  Brunswick  the  Cretaceous  group  is  singularly  well 
developed :  for  beneath  it  there  is  a  genuine  representative  of  the 
Wealden ;  whilst  the  true  base  of  the  group  is  the  distinct  northern 
German  equivalent  of  the  Neocomian  limestone  of  southern  Europe, 
called  here  the  "  Hils-conglomerat."  The  remainder  or  really  great 
mass  of  the  Lower  Greensand  of  England  has  no  adequate  representa- 
tive ;  and  the  siliceous  sandstones,  on  the  north  flank  of  the  Harz, 
which  from  mineral  character  were  formerly  considered  as  such  belong 
to  a  much  higher  member  of  the  Cretaceous  series. 

The  formation,  however,  which  the  German  geologists  term  Gault, 
may  be  said  to  represent  both  the  upper  portion  of  our  Lower  Green- 
sand  and  the  Gault  proper.  In  the  interesting  collection  of  M.  v. 
Strombeck,  we  observed  indeed  as  Gault  fossils  certain  species  which 
are  found  in  our  Lower  Greensand. 

The  Ijower  **  Quader  Sandstein,"  in  which  much  iron  occurs,  and 
the  upper  part  of  which  is  charged  with  many  green  grains,  contains 
the  fossils  of  our  Upper  Greensand,  and  is  supposed  to  be  of  older 
date  than  the  "Planer  Sandstein"  of  Saxony. 

The  Upper  "  Quader  Sandstein,"  which  forms  those  remarkable 
walls  of  rock  to  the  N.E.  of  Blankenburg,  and  which  were  formerly 
taken  for  Lower  Greensand,  is  in  fact  the  equivalent  of  the  White 
Chalk  of  Western  Europe !  It  contains,  in  short,  many  of  the  most 
characteristic  fossils  of  that  subdivision.  The  plants  collected  by  the 
zealous  botanist,  M.  Hemp^  of  Blankenburg,  afford  an  instructive 
illustration  of  the  fossil  flora  of  these  upper  cretaceous  rocks. 

There  is  still  an  "  Oberste  Quader  Sandstein,"  representing  the 
very  highest  beds  of  our  Chalk. 

These  siliceous  strata,  standing  in  the  place  of  the  Upper  Chalk, 
are  followed  near  Goslar  by  a  great  mass  of  whitish  chalky-looking 
rock,  which  is  in  truth  an  old  Tertiary  rock.  This  also  seems  to  \^ 
thrown  abruptly  oif  the  chain,  in  common  with  the  secondary  strata. 

In  thus  briefly  adverting  to  the  vertical,  disrupted,  shattered,  or 
convoluted  strata  of  secondary  age  on  the  north  flank  of  the  Harz,  or 
along  its  chief  granitic  frontier,  we  should  do  injustice  to  the  subject 
if  we  did  not  call  attention  to  the  praiseworthy  and  precise  labours  of 
M.  von  Strombeck  of  Brunswick.  We  visited  that  city  pVirposely  to 
inspect  the  collections  which  that  gentleman  has  made  there  during 
a  series  of  years,  and  were  delighted  with  the  clear  order  in  which  he 
had  arranged  the  fossils  of  his  neighbourhood, — from  the  base  of 
the  Trias  to  the  younger  Tertiary  strata.  It  is  truly  a  remarkable 
collection;  and,  in  respect  to  the  magnificent  specimens  of  the 
Enerinus  liliiformis  of  the  Muschelkalk,  is  quite  unrivalled.  As, 
however,  it  would  require  a  separate  treatise  and  a  detailed  survey  of 
the  country  to  enable  us  to  describe  the  result  of  the  labours  of 
M.  von  Strombeck,  we  confine  ourselves  to  pointing  out,  in  few 
words,  a  striking  physical  pheenomenon  which  he  has  brought  into  a 
clear  light,  and  to  illustrate  which  he  has  prepared  excellent  sections, 
which  are  not  yet  published. 
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The  English  reader  may  well  he  surorised  when  he  learns,  that  in 
the  comparatively  flat  region  around  Brunswick,  where  the  hills  are 
of  small  eleyation  only,  the  secondary  strata,  though  not  in  such  abrupt 
and  broken  walls  as  they  occupy  alongside  of  the  granite  of  the  Han, 
have  still  partaken  of  the  influence  of  the  same  great  movements  as 
the  formations  contiguous  to  it,  though  distant  about  twenty-five 
miles  from  that  line  of  eruption,  whilst  their  major  axis  is  precisely 
parallel  to  the  vertical  masses  on  the  north  flank  of  the  Harz. 

Thus,  the  strata  in  question,  every  member  of  which  has  been 
accurately  identified  through  its  fossils,  are  in  some  instances  seen  to 
have  been  thrown  into  sharp  and  broad  undulations,  by  anticlinal  and 
synclinal  flexures,  the  axes  of  some  of  which  are  actually  overturned 
or  inverted,  like  many  well-known  examples  of  the  Paleeozoic  rocks. 

In  this  region  such  movements  have  affected  all  the  deposits,  from 
the  Palaeozoic  to  the  older  Tertiary,  both  inclusive. 

Recapitttlation. — In  the  preceding  pages  we  have  shown,  that 
of  the  two  chains  described,  the  Thuringerwald  only  exhibits  any  of 
the  oldest  sedimentary  rocks ;  the  strata  containing  the  lowest  Silu- 
rian fossils  being  there  underlaid,  as  in  Great  Britain  and  Bohemia, 
by  vast  masses  of  slate  and  sandstone,  in  which  no  forms  of  a  more 
composite  structure  than  Fucoids  have  yet  been  detected.  These 
bottom  rocks,  and  the  superposed  Lower  Silurian  of  that  tract,  were, 
it  appears,  elevated  into  dry  land,  and  placed  during  a  long  period 
out  of  the  reach  of  sedimentary  influence ;  since  none  of  those 
strata  of  the  unequivocal  Upper  Silurian  of  Bohemia  or  the  Lower 
and  Middle  Devonian,  which  are  so  much  developed  in  the  Harz,  are 
to  be  seen  in  the  Thuringerwald. 

Towards  the  close,  however,  of  the  Devonian  sera,  both  tracts  were 
again  covered  by  a  sea  in  which  animals  hved  differing  from  all  those 
which  preceded  them,  whilst  the  recesses  of  that  ocean,  whether 
in  this  region  or  in  the  Rhenish  Provinces,  were  spread  over  by 
volcanic  dejections,  which  were  interlaminated  with  ordinary  sub- 
marine beds. 

These  volcanic  dejections  ceasing,  there  followed  other  accumula- 
tions of  mud  and  sand,  into  which  stems,  branches,  and  leaves  of 
land-plants  were  transported,  and  out  of  which  thin  courses  of  coal 
were  formed. 

After  these  Lower  Carboniferous  beds  had  been  accumulated,  a  great 
upheaval  took  place  over  all  those  parts  of  Germany  and  France  where 
such  strata  occur,  and  raised  up  such  lower  carboniferous  beds  in 
conjunction  with  those  which  preceded  them;  the  whole  consti- 
tuting the  Grauwacke  series  of  the  Germans.  The  next  sediments 
form&d  on  the  edges  of  all  that  went  before  them  are  the  feeble 
equivalents  of  our  Upper  coal  fields.  These  again,  after  partial  oscil- 
lations, were  succeeded  by  the  Rothe-todte-liegende,  or  Lower  red 
sandstone.  Much  as  each  range  has  been,  at  various  antecedent 
periods,  subjected  to  eruption  of  igneous  rocks,  it  was  then  that  one  of 
the  most  marked  of  the  physical  revolutions  of  this  portion  of  the 
crust  of  the  earth  was  accomplished,  in  the  change  of  the  geogra- 
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pbical  direction  of  the  masses  of  rock,  from  their  normal  alinement  of 
N.£.  &  S.W.  to  one  trending  fronp  N.W.  to  S.E.;  the  turbulence  of 
the  period  being  decisively  characterized  by  great  outbursts  of  por- 
phyry and  the  extravasation  of  vast  sheets  of  porphyritic  laya. 

It  is,  indeed,  manifest  from  the  convoluted  and  dislocated  condition 
of  the  secondary  strata,  particularly  those  of  the  Muschelkalk,  which 
he  betvireen  the  Thuringerwald  and  the  Uarz,  as  well  as  from  similar 
appearances  extending  even  to  the  older  tertiary  rocks  lying  north  of 
the  Harz,  or  between  that  ridge  and  the  hue  of  ancient  rocks  near 
Magdeburg,  that  each  of  the  eider  or  flanking  masses  was  an  habitual 
area  of  upheaval  and  oscillation,  the  upward  and  downward  move- 
ments of  which  compressed  the  interjacent  formations  into  the  pli- 
cated forms  which  they  still  'exhibit. 

In  reflecting  upon  the  broad  external  features  only  which  were 
successively  impressed  on  the  one  tract  and  on  the  other,  we  infer, 
that,  however  the  two  regions  were  thrown  into  nearly  parallel  direc- 
tions, there  are  in  the  Thuringerwald  proofs  of  ancient  movements  of 
which  we  find  no  trace  in  the  Harz.  In  this  way  we  obtain  evidence 
of  the  truly  local  character  of  all  such  disruptions,  in  addition  to  the 
examples  previously  cited  by  one  of  us,  and  to  other  cases  mentioned 
by  M.  Barrande*. 

In  truth,  whilst  each  of  the  tracts  here  spoken  of  present  some 
marked  analogies  to  the  Silurian  basin  of  Bohemia,  each  of  them 
differs  more  from  that  tract  than  they  do  from  one  another.  In  their 
great  fundamental  rocks  of  greenish  and  talcose  grauwacke,  the  South 
Thuringerwald  and  the  district  of  Prague  are  anke,  as  well  as  in  the 
chief  mass  of  the  Lower  Silurian  rocks,  though  the  fossils  of  the 
primordial  zone  of  Bohemia  have  not  been  found  in  the  Thuringer- 
wald, and  ail  the  Lower  Silurian  is  wanting  in  the  Harz. 

Again,  the  rich  Upper  Silurian  limestones  of  Bohemia  have  no  true 
representatives  in  Thuringia, — the  uppermost  member  only  of  that 
division  having  been  detected  in  the  Harz. 

Still  more  striking  is  the  distinction  between  the  two  tracts  under 
consideration  and  the  basin  of  Bohemia ;  for  whilst  the  Harz  con- 
tains all  the  members  of  the  Devonian  rocks,  with  a  copious  develop- 
ment of  the  Lower  Carboniferous,  and  whilst  the  Thuringerwald 
differs  from  it  in  not  possessing  either  the  central  or  the  lower  De- 
vonian bauds,  there  are  no  evidences  of  the  existence  of  these  forma- 
tions in  Bohemia,  where  the  Silurian  rocks  are  at  once  and  abruptly 
followed  by  the  Upper  Coal-fields. 

We  collate  these  data  to  show,  that  whilst  there  are  breads  in  the 
Silurian  series  of  Britain, — ex,  gr,  in  one  part  of  S.  Wales  beneath 
the  Wenlock  Shale,  and  above  the  Upper  Caradoc  or  May  Hill  sand- 
stone, and  in  another  below  the  latter  rock, — that  in  the  north  of 
England  the  Devonian  rocks  consist  of  a  mere  conglomerate,  and  that 
even  one  part  of  the  suuth-west  coal  field  is  known  to  be  transgressive 
to  another, — our  country  offers  no  example  of  that  great  fracture 
between  the  lower  and  upper  divisions  of  the  Carboniferous  group 
which  is  so  very  dominant  a  physical  feature  throughout  Germany 
and  France. 

*  See  Bull.  Soc.  Geol.  France,  vol.  xL  p.  311,  &c. 
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But,  notwithstanding  all  these  differences — whether  consiBting  of 
such  local  dismemberments  or  yaried  lithological  conditions,  the  four 
natural  palaeozoic  groups  of  Russia,  Scandinavia,  Germany,  and  France 
have  been  perfectly  assimilated,  through  their  organic  remains,  to  their 
congeners  in  Britain ;  so  that,  despite  of  great  breaks  in  each  natural 
division  of  these  regions,  the  classification  by  Silurian,  Devonian,  Car- 
boniferous, and  Permian  remains  is  everywhere  maintained. 

Lastly,  let  us  recollect,  that  the  very  first  step  which  the  geologist 
takes  in  ascending  from  the  paleozoic  to  the  mesozoic  formations 
must  convince  him,  that  great  and  general  mutations  of  life  upon  the 
surface  of  the  globe  were  not  dependent  on  such  disruptions  as  those 
to  which  we  have  alluded ;  for  in  Germany  no  physical  dismember- 
ment has  been  observed  which  separates  the  strata  accumulated  at 
the  close  of  the  Permian  rocks  from  those  formed  in  the  earliest 
period  of  the  Trias, — the  summit  of  the  one  being  everywhere  con- 
formable to  the  base  of  the  other ;  and  yet  the  change  of  life  which 
took  place  at  that  period  of  quiet  physical  transition  was  absolute 
and  complete. 


April  18,  1855. 

J.  G.  Blackburn,  Esq.,  and  the  Rev.  W.  C.  Kendall  were  elected 
Fellows. 

The  following  Communications  were  read  : — 

1 .  Notice  of  Fossils  from  the  Keuper  Sandstone  of  Pendock, 
WoRCKSTERSHiRE.     By  the  Rev.  W.  S.  Symonds,  F.G.S. 

The  Keuper  sandstone  quarry  from  which  the  fossils  here  referred 
to  were  obtained  is  situated  in  the  village  of  Pendock,  about  three 
miles  from  the  base  of  the  south  end  of  the  Malvems,  and  exactly 
opposite  the  Holly  Bush  Pass.  These  sandstones  are  quarried  to  the 
depth  of  14  or  15  feet.  They  dip  under  the  Upper  Red  Marls  and 
Lower  Lias  of  the  Berrow  Hill,  at  an  angle  of  from  5°  to  6°.  Their 
position  as  regards  the  Bone  Bed,  at  the  base  of  the  Lias,  cannot  be 
less  than  from  250  to  300  feet  below  that  deposit. 

The  section  in  the  quarry  exhibits  the  following  series : — 

ft    in. 

Surface  soil 2     6 

Marl   2    6   Posidouomya. 

Sandstone  0     7 

Marl   0     5    Posidonomya. 

Sandstone   0     6 

Marl 0     I 

Sandstone 0     5 

Osseous  conglomerate.  .0     \\  Fish  teeth  and  bones. 
Marl  and  thin  Sandstone  1     6    Posidonomya. 
Thick  Sandstone  and  /     Un-   1  to     . 
MarU i  known. /P^'^"*'- 
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Fossils  are  very  abundant,  but  difficult  to  work  out,  the  sandstone 
being  extremely  brittle.  The  suite  of  fossils  now  exhibited  to  the 
Society  comprise: — 1.  Two  specimens  of  Pondanomya  minuta  (re- 
taining portions  of  the  shell)  from  calcareous  nodules  in  the  marls 
above  the  conglomerate : — 2.  Specimens  of  the  osseous  conglomerate, 
which  forms  a  thin  bed,  not  2  inches  thick,  about  the  middle  of  the 
sandstone  series ;  and  detached  portions  of  the  Ichthyodorulites  and 
other  osseous  remains,  which  are  abundant  in  this  "bone-bed"  : — 
3.  A  series  of  detached  fish-teeth,  from  the  sandstones  and  the  con- 
glomerate, some  of  which  have  been  submitted  to  Sir  P.  Egerton, 
who  believes  them  to  belong  to  a  new  species  of  Acrodus : — 4.  Seven 
specimens  of  Plant-remains ;  these  are  found  in  the  bottom  beds  at 
the  quany,  where  apparently  the  sandstone  becomes  finer  and  less 
gritty  and  conglomeratic :  the  sandstone  in  which  these  plants  are 
imbedded  contains  numerous  dispersed  particles  and  patches  of  car- 
bonaceous and  coaly  matter*.  Many  plants  are  also  scattered 
through  the  different  beds,  but  are  all  much  more  imperfect  than 
those  from  the  lower  bed. 

Note  an  the  Plant  Remains. — ^The  fossil  plants  have  been  kindly 
examined  by  Dr.  Hooker  and  Mr.  Bunbury.  Dr.  Hooker  considers 
the  hu^r  specimen  as  probably  referable  to  Equisetites  columnaris, 
a  plant  of  the  Keuper  near  Wurtemburg,  and  which  was  discovered 
by  Sir  Roderick  Murchison  at  Brora ;  it  has  also  been  found  abun- 
dantly in  the  Oolites  of  Yorkshire,  but  had  not  been  hitherto  met 
with  in  the  Keuper  Sandstone  of  England.  The  smaller  specimens 
Dr.  Hooker  refers  doubtfully  to  Calamites  arenaceua,  a  plant  of  the 
Keuper  in  Germany,  and  which  is  scarcely  distinguishable  from 
various  fossils  of  the  same  aind  other  formations ;  its  botanical  char 
racters  being  vague  and  unsatisfactory.  Considering  how  imperfect 
our  knowledge  is  of  either  of  the  above  genera,  and  that  several  fossils 
referred  to  Calamites  have  been  supposed,  with  much  probabihty,  to 
be  merely  the  casts  of  hollow  stems,  or  piths  of  plants.  Dr.  Hooker 
suggests  that  no  reliance  should  be  placed  in  these  approximate  identi- 
fications, and  adds  that  it  is  quite  possible  to  conceive  that  Calamites 
and  Equisetites  are  parts  of  one  and  the  same  plant. 

Mr.  Bunbury  refers  all  the  specimens  to  Calamites  arenaeeus; 
and  rightly  observes  that  the  larger  specimen  presents  none  of  the 
characteristics  of  Equisetites  columnaris :  this,  however.  Dr.  Hooker 
is  rather  inclined  to  attribute  to  the  imperfection  of  the  specimen. 


2.  On  the  St.  Cassian  Beds  between  the  Keuper  and  the  Lias 
in  the  VoRARLBERG  Alps.     By  Prof.  Merian. 

[Extract  of  Letter  to  Sir  R.  I.  Murchison,  V.P.6.S.] 

I  HAVE  lately  visited,  with  my  friend  Escher  von  der  Linth,  the  Alps 
of  the  Vorarlberg,  and  the  neighbourhood  of  the  Lake  of  Lugano  and 
the  Lake  of  Como.     In  the  Vorarlberg  we  found  immediately  under 

*  [The  specimens  of  this  coaly  matter  which  have  been  examined  ander  the 
microscope  do  not  offer  any  traces  of  organic  stmctnre. — Ed.] 
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the  Lias,  which  is  well  developed,  the  beds  of  the  Dachstdn  Lime- 
Btone,  characterized  by  numerous  Corals  and  a  large  bivalve  {Mega- 
lodoH  scutatus  of  Sehafhautl,  "  Dachstein  bivalve"  of  the  Austrianfl). 
Below  the  Dachstein  limestone  are  the  Gervillia-beds  (lately  called 
Kossen-beds  by  Yon  Hauer).  The  Cardita  erenata,  Groldf.,  the^rt- 
euUe  of  the  family  of  the  Chyph^eata,  and  small  turrited  univalves, 
contained  in  these  beds,  induced  me  to  refer  them  to  some  of  the 
St.  Cassian  beds.  Lower  stiU  are  thickly  developed  masses  of  dolo- 
mite, under  which  sandstones  with  impressions  of  Keuper  plants 
occur. 

The  exact  relation  of  the  Salzburg  beds  containing  Ammonites 
globo9Us  with  the  Gervilha-beds  has  not  yet  been  made  out.  We 
have  not  hitherto  been  able  to  find  in  the  Alps  of  the  Vorarlbeig  this 
characteristic  family  of  Ammonites. 

In  the  vicinity  of  the  Lake  of  Como,  the  dolomitic  masses  change 
their  appearance ;  but  beneath  the  lias  the  Grervillia-beds  form  a  good 
geological  horizon,  which  can  be  found  in  numerous  places  when 
once  one  has  become  accustomed  to  its  position.  This  bed  is  also 
found  under  the  Lias  of  the  chain  of  the  Stockhom,  Canton  Berne ; 
and  Escher  has  found  it  in  the  neighbourhood  of  Geneva. 

We  have  called  the  whole  of  the  beds  situated  between  the  Lias 
and  the  Keuper, ''  St.  C(Uciano  formation."  It  is  a  marine  formation, 
which  appears  to  be  wanting  in  the  North  of  Europe,  and  which  is 
only  developed  in  the  South,  commencing  with  the  chain  of  the  Alps, 
and  in  Eastern  Europe.  In  a  palseontological  point  of  view,  it  is 
distinguished  from  the  overlying  lias  by  the  absence  of  Belemnites, 
and  from  the  Trias,  on  which  it  hes,  by  the  existence  of  Ammonites 
with  foliated  septa. 

You  know  that  the  Austrian  geologists  formerly  considered  the 
*' Dachstein  Limestone"  as  Lower  Muschelkalk.  Von  Buch  and 
his  successors  thought  that  the  Grervillia-beds  should  be  placed  on  a 
parallel  with  the  Brown  Jura.  It  is  easy  to  perceive  how  such  snp« 
positions  must  have  obscured  the  geology  of  the  Western  Alps ;  but 
this  has  become  much  clearer  since  the  true  position  of  the  different 
beds  has  been  better  established. 

The  Austrian  geologists  are  now  of  the  same  opinion  as  ourselves 
respecting  the  true  position  of  the  Dachstein  Limestone  and  of  the 
Gervillia-beds  (their  Kossen-beds).  They  connect  them  nevertheless 
with  the  Lower  Lias,  and  they  consider  the  beds  with  Ammonites  glo- 
bosus  at  Salzburg,  and  those  of  St.  Cassian,  as  a  separate  formation, 
which  they  call  Upper  Muschelkalk.  This  is  a  questionable  point, 
which  will  be  decided,  I  hope,  as  soon  as  we  get  more  positive  data 
respecting  the  position  of  the  Ammonites  ghbosua  of  Salzburg,  a  time 
which  is  not  far  distant. 

It  appears  that  the  true  Muschelkalk  is  wanting  along  the  whole 
northern  slope  of  the  Western  Alps ;  it  reappears  to  the  south.  Be- 
sides the  localities  already  known,  Escher  has  discovered  several 
others.  I  have  lately  received  from  Messrs.  Lavizzaci  and  Stabile  at 
Lugano  a  considerable  number  of  fossils  found  in  the  well-known 
dolomite  of  the  chain  of  Monte  Salvadore,  neat  Lugano,  which  most 
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clearly  prove  it  to  be  Muschelkalk.  It  appears  that  the  K  euperin 
the  neighbourhood  of  the  Lakes  of  Lugano  and  Coroo  is  also  in  the 
state  of  dolomite^  which  renders  it  difficult  to  separate  it  from  the 
dolomites  which  underlie  the  Muschelkalk ;  the  Lower  Lias  is  well 
developed  at  Arzo,  Saltzio,  and  at  Monte  Generoso  near  Mendrisio^ 
and  on  the  shores  of  the  Lake  of  Conio.  Then  follow,  forming  an 
extensive  horizon,  the  beds  of  the  Calcareo  ammonitifero  rosso,  of 
Erba,  &c.,  which  evidently  belong  to  the  Etoffe  Toarcien  of  D'Orbigny, 
and  which  can  be  traced  over  a  considerable  portion  of  Italy. 
Basle,  April  9,  1854. 

[Note, — Compare  Escher  von  der  Linth  "on  the  Vorarlberg," 
M^m.  Soc.  Helv.  vol.  xiii. ;  and  Quart.  Joum.  Geol.  Soc.  No.  42. 
Miscell.  pp.  1 6,  &c. ;  Suess  "  on  the  Vorarlberg,"  and  "  on  the  Kossen 
Brachiopods,"  ibid.  No.  43.  Miscell.  p.  25,  &c. ;  and  Von  Hauer 
"  on  the  Trias,  Lias,  and  Jura  of  the  Eastern  Alps,"  Jarhb.  K.  K. 
Geol.  Reichsanst.  1853,  pp.  715,  &c. ;  and  the  Anniversary  Address, 
1855,  Quart.  Joum.  Geol.  Soc.  No.  42.  pp.  Ldii,  &c. — Ed.] 


3.  Notice  of  some  Cretaceous  Rocks  near  Natal,  South  Africa. 
By  R.  J.  Garden,  Esq.,  late  Capt.  H.M.  45th  Reg. 

[Conununicated  by  R.  Godwin-Austen,  Esq.,  F.6.S.] 

[Abstract.] 

The  discovery  of  these  fossiliferous  rocks,  near  the  Umtafuna*  (on 
some  maps  spelt  ''  Umtavooma")  River,  on  the  coast  of  South  Africa, 
was  made  by  Mr.  H.  F.  Fynn,  in  1824.  About  three  miles  to  the 
southward  of  the  river  commence  certain  excavations  in  the  cliffs, 
formed  by  the  action  of  the  sea,  and  called  by  the  natives  "  Izinhlu- 
zabalunguf."  These  caves  extend  for  about  800  yards.  In  1851 
Capt.  Garden  visited  the  spot  with  Mr.  Fynn,  and,  with  the  aid  of 
his  servant  (the  late  Private  Thomas  Soutou),  and  the  natives, 
collected  a  suite  of  fossils^  from  the  walls  of  the  caves  and  from 
the  adjoining  cliffs.  The  cliffs  vary  considerably  in  height,  and 
their  tops  are  covered  with  vegetation ;  the  Strelitzia  alba  grows 
abundantly  in  the  hollows.  The  lowest  rock  visible  is  a  hard  shelly 
rock  with  pebbles ;  above  it  is  a  brownish-red  sandstone,  traversed 
in  every  direction  with  white  veins,  which  are  the  broken  edges  of 
colossal  bivalve  shells  {Inoceramtui),  These  shells  are  thin,  and  too 
easily  broken  to  be  extracted  from  the  rock  ;  the  corrugated  surface 
of  a  portion  of  one  was  exposed  to  the  extent  of  2  feet  in  length  by 
1  foot  in  breadth,  and  the  author  estimated  others  to  be  nearly 
3  feet  in  length.  This  shell  is  common  to  all  the  strata  in  the  cliff. 
Alternate  layers  of  the  above-mentioned  two  rocks  occur  to  the 
height  of  about  18  feet;  above  which  are  hard  bluish-black,  brown, 

*  Pronounced  Oom-ta-fu-na. 

t  Pronounced  IzXnthlu  zabalungu :  "  the  houses  of  the  white  men  \**  so  called 
prohahly  from  the  caverns  having  once  been  occupied  by  shipwrecked  sailors. 
X  These  fossils  are  described  by  Mr.  Baily  in  the  next  following  communication. 
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and  greenish  argillaceous  and  sandy  beds.  Shells  were  found  in  all 
these  clay-beds,  and  Ammonites  at  different  heights  and  in  certain 
of  the  strata.  Many  fossils  are  exposed  on  the  cliffs,  and  washed 
out  on  to  the  shore  by  the  action  of  the  sea. 

Fossil  trees  are  seen  at  low  water  on  a  reef  of  flat  rocks  near  these 
caverns ;  and  about  three  miles  to  the  southward  Capt.  Garden  found 
at  the  extreme  point  of  the  left  bank  of  the  Umpahlanyani*  stream 
a  piece  of  fossU  wood,  imbedded  in  a  rock  similar  to  that  at  the 
caves. 

About  half  a  mile  beyond  the  caves  runs  the  Umzambanif  River, 
across  which  the  cretaceous  rocks  are  continued,  appearing  on  its 
right  bank ;  afler  which  they  are  lost  sight  of,  except  at  a  few  places : 
the  author,  however,  believes  this  formation  to  extend  as  far  as  the 
Umtata  River,  having  been  informed  by  the  late  Mr.  W.  H.  D.  Fynn 
that  fossil  Turtle  remains  were  to  be  procured  from  the  rocks  at  the 
mouth  of , that  river. 


4.  Description  o^«oiii« Cretaceous  YosniiA from  South  Africa; 
collected  by  Capt.  Garden,  of  the  A^th  Regiment.  By  William 
H.  Baily,  Esq.,  of  the  Geological  Survey  of  Great  Britain. 

[Communicated  by  R.  Godwin-Austen,  Esq.,  F.6.S.] 

[Plates  XI.  Xll.  XIII.] 

The  late  Professor  Edward  Forbes  having  entrusted  to  my  examina- 
tion the  interesting  series  of  fossils  collected  on  the  coast  of  South 
Africa,  near  Natal,  and  brought  to  England  by  Capt.  Garden  |,  to 
whose  exertions  and  Uberality  we  are  indebted  for  this  yaluable  addi- 
tion to  the  Colonial  Department  of  the  Museum  of  Practical  Geology, 
the  following  communication  has  been  drawn  up  on  the  plan  of  Prof. 
Forbes' s  able  "Report  on  the  Fossil  Invertebrata  from  Southern 
India  §,"  to  which  collection  of  fossils  the  series  here  descri1)ed  bears 
a  close  affinity,  as  also  to  the  fossils  from  the  greensand  of  Black- 
down  in  our  own  country,  and  the  Craie  CMoritie  of  France. 

Cephalopoda. 

.  Genus  Ammonites,  Auctorum. 

There  are  four  species  of  Ammonites  in  this  collection  ;  the  speci- 
mens generally  are  in  fine  preservation,  and  of  remarkable  size  and 
beauty,  some  of  them  having  portions  of  the  shell  still  adhering. 
All  are  allied  to  Cretaceous  forms,  and  belong  to  the  following 
groups : — 

*  Pronounced  Oom-pa-thlan-yi-nX. 
f  Pronounced  Oom-zam-ba-nl. 

X  See  above,  p.  453.  Thia  collection  was  briefly  noticed  in  the  Rep.  Brit. 
Aaaoc.  1854,  Transact.  Sect.  p.  83. 

§  Transactions  Geol.  Soc.,  2nd  Series,  yoL  yiL 
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1 .  Cristatt,  D'Orbigny ;  a  group  of  which  all  the  species  are  cre- 

taceous.   To  this  section  Ammonites  Soutonii  and  A,  Stangeri 
may  be  referred. 

2.  ClypeiformeSy  D'Orbigny ;  lower  cretaceous  and  oolitic.     Am- 

monites Umbulazi  appears  to  belong  to  this  group. 

3.  Laviffati,  a  section  establishecT  by  Prof.  Forbes  for  a  Pondi- 

cherry  cretaceous  form,  and  in  which  Ammonites  Gardeni 
may  now  be  included. 

Number  of  specimens  of  each  species  in  thb  collection  : — 
Ammonites  Soutonii  ....    2        Ammonites  Gardeni    ....    3 
„         Stangeri  ....    4  „         Umbulazi ....    2 

Cristati. 

1.  Ammonites  Soutonii,  nov.  sp.     PI.  XI.  fig.  1. 

A.  testa  discoide&  carinatA ;  anfractibus  5 ;  costis  numerosis  flezuosis, 
intemis  acut^  tuberculatis ;  dorso  utrinque  tuberculato,  medio 
carinato ;  umbilico  mediocri ;  apertura  ovato-elliptic&. 

Diameter,  1  foot  5^  inches. 

Diameter  of  disk  formed  by  the  inner  whorls,  7  inches. 

Length  of  aperture,  6  inches. 

Breadth  of  aperture,  4^  inches. 

Sbell  discoidal ;  whorls  5,  with  numerous  flexuous  ribs,  each  of 
which  bears  a  small  tubercle  on  the  edge  of  the  umbilicus,  and  two 
broader  ones  at  its  termination  on  the  back ;  umbilicus  small ;  inner 
whorls  partly  concealed,  flattened,  with  prominent  tubercles  upon 
the  centre  of  the  numerous  ribs ;  back  somewhat  round,  with  a 
distinct  keel,  and  a  row  of  lengthened  tubercles  on  each  side.  Aper- 
ture ovate  and  elliptical. 

This  very  large  and  magnificent  Ammonite,  which  is  in  fine  pre- 
servation, with  portions  of  the  shell  a  quarter  of  an  inch  in  thickness 
still  attached,  is  somewhat  distantly  related  to  Ammonites  rostratus 
and  A,  varians  from  the  Lower  Chalk. 

It  is  dedicated  to  the  memory  of  the  late  private  Thomas  Souton, 
of  the  Grenadier  Company,  45th  Regiment,  who,  whilst  acting  as 
Capt.  Garden's  servant,  zealously  extracted  it,  after  much  perse- 
verance and  labour,  from  a  very  hard  stratum  high  up  the  cliff. 

Locality. — Cliffs  of  the  coast  of  S.  Africa,  near  the  Umtafuna 
and  Umzambani  Rivers. 

2,  Ammonites  Stangeri,  nov.  sp.     PI.  XI.  fig.  2. 

A.  testa  discoidea,  carinat4 ;  anfractibus  6,  angustatis ;  costis  nume- 
rosis tuberculatis,  intemis  bifurcatis ;  dorso  utrinque  tuberculato, 
medio  carinato ;  apertur^  ovato-ellipticcl. 

Diameter,  I  foot. 

Diameter  of  disk  formed  by  inner  whorls,  8  inches. 

Length  of  aperture,  3^  inches. 

Breadth  of  aperture,  2^  inches. 
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Shell  discoidal ;  whorls  6,  narrow  and  rounded ;  ribs  numerous, 
and  divided  into  regularly  arranged  rather  indistinct  tubercles ;  some 
of  the  interior  ribs  are  bifurcated  ;  back  narrow  and  keeled,  with  a 
row  of  lengthened  tubercles  on  each  side ;  aperture  ovate. 

The  characters  of  this  fine  Jarge  Ammonite  somewhat  approach 
that  of  the  last  species,  although  the  form  is.  very  distinct,  being 
more  wheel-shaped  and  compressed. 

Named  in  memory  of  the  late  Dr.  Stanger,  of  the  Niger  Expedi- 
tion, and  Surveyor-General  of  Natal,  whose  recent  death  in  South 
Africa,  and  consequent  loss  to  science  of  so  able  an  investigator,  we 
have  to  deplore. 

Locality. — Cliifs  of  the  South  African  coast,  near  the  Umtafuna 
and  Umzambani  Rivers. 

Clypeiformes. 
3.  Ammonites  Umbulazi,  nov.  sp.     PI.  XI.  fig.  4. 

A.  test&  compress/l,  carinata ;  anfractibus  compressis,  radiis  latis 
flexuosis  ;  angustissim^  umbilicat& ;  dorso  acuto,  angulato ;  aper- 
ture sagittata. 

Diameter,  1  inch  ^ths. 
Diameter  of  inner  whorls,  i^ths  of  an  inch. 
Length  of  aperture,  ^^ths  of  an  inch. 
Breadth  of  aperture,  -^ths  of  an  inch. 

Shell  compressed,  keeled ;  whorls  compressed,  with  obtuse  flexu- 
ous  radiations ;  inner  whorls  partly  concealed  ;  umbilicus  very  small ; 
back  sharp,  keeled,  and  angular,  or  bevelled  off  on  each  side  ;  aper- 
ture lanceolate. 

This  small  compressed  Ammonite  has  part  of  the  shell  still  ad- 
hering, and  appears  to  be  nearly  related  to  Ammonites  Requienianus, 
D'Orb.,  from  the  Craie  Chlorit6e, 

The  specific  appellation  of  this  Ammonite  is  the  native  name  of 
Mr.  H.  F.  Fynn,  who  is  mentioned  in  Capt  Garden's  paper  as  the 
discoverer  of  these  Cretaceous  deposits,  and  as  his  companion  on  his 
visit  to  these  cliffs. 

Locality. — CUffs  of  the  South  African  coast,  near  the  Umtafuna 
and  Umzambani  Rivers. 

Laivigati. 

4.  Ammonites  Gardeni,  nov.  sp.     PI.  XI.  fig.  3. 

A.  teste  compressa,  discoideA,  Isevigatft ;  anfractibus  6,  complanatis, 
ad  umbilicum  abruptis ;  lat^  umbihcat& ;  dorso  cariuato ;  carina 
simplice  filiformi ;  lateribus  sulcatis ;  apertura  oblongd,  compreasL 

Diameter,  5  inches. 
Diameter  of  inner  whorls,  2\  inches. 

Breadth  of  outer  whorl,  1^  inch  ;  thickness,  ^^ths  of  an  inch. 
Breadth  of  outer  whorl  of  larger  fragment,  2  inches ;  thickness, 
1  inch  T^ths. 
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Shell  compressed,  nearly  circular,  smooth,  with  6  whorls,  flattened, 
rounded  towards  the  keel,  abruptly  and  perpendicularly  depressed  at 
Its  umbilical  mar^n ;  umbilicus  wide ;  back  keeled ;  the  sides  ob- 
liquely and  faintly  striated ;  aperture  oblong,  compressed. 

This  characteristic  Ammonite  (named  after  the  discoTerer)  belongs 
to  the  section  L^evigati,  established  by  Prof.  E.  Forbes,  and  is  nearly 
related  to  Ammonites  Rembda  from  Pondicherry.  The  prismatic 
colours  of  the  nacre  are  still  preserved. 

Locality. — "  White-men's  Houses,"  coast  of  S.  Africa,  near  the 
XJmzambani  River,  in  compact  siliceous  grit  containing  numerous 
fossils,  and  in  soft  greenish  sandstone. 

Genus  Baculites,  Lamarck. 

Of  this  characteristic  cretaceous  genus  there  are  three  specimens, 
of,  I  believe,  one  species  only,  associated  with  a  furrowed  Poromya 
in  a  soft  greenish  sandstone. 

Baculites  sulcatus,  nov.  sp.     PL  XI,  fig.  5. 

B.  testd.  ovata,  subcompressa,  Isevi  vel  transversim  undulata ;  dorso 
leviter  compresso;  ventre  crassiore,  obtuso;  apertura  obliqu&, 
sinuata ;  septis  lobatis. 

Length  of  the  most  entire  specimen,  2  inches. 
Greatest  breadth,  y^ths  of  an  inch. 
Thickness,  y^-ths  of  an  inch. 

Shell  elongate,  ovate  in  section,  rather  flattened,  broadest  at  the 
aperture,  and  slightly  tapering ;  with  smooth  transverse  undulations, 
strongly  marked  near  the  aperture,  and  gradually  becoming  lost 
towards  the  lower  extremity  ;  back  slightly  compressed,  ventral  side 
rounded ;  aperture  very  oblique ;  septa  lobed. 

This  species  appears  to  be  distinct  from,  although  closely  allied  to, 
ihe  Baculites  anceps,  figured  by  D'Orbigny  from  the  Craie  Chloritde, 
and  differs  from  it  in  the  greater  rotimdity  of  the  dorsal  side,  and 
greater  angularity  of  the  transverse  undulations,  the  section  exhibit- 
ing a  form  more  nearly  approaching  that  of  Baculites  Faujasii  from 
the  Chalk  of  Ireland." 

The  shell  is  partly  preserved,  showing  its  prismatic  colours. 

Locality, — Cliffs  of  the  coast  of  S.  Africa,  near  the  Umtafuna  and 
Umzambani  Rivers. 

Gasteropoda. 

Genus  Solarium,  Lamarck. 

Solarium  pulchellum,  nov.  sp.     PI.  XII.  fig,  3. 

S.  testa  discoidea,  spir^  parv^  anfractibus  5,  rotundatis,  longitudi- 
naliter  transversimque  striatis ;  umbilico  parvo,  extern^  crenulato  ; 
apertura  rotundata. 

Diameter,  ^ths  of  an  inch. 
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Shell  discoidal ;  spire  small ;  whorls  5,  rounded,  transrersely 
striated,  and  partially  reticulated  by  encircliDg  lines.  The  tranverse 
striations  are  strongest  at  the  upper  part  of  the  whorls  next  the 
suture,  and  form  crenulations  at  the  umbilicus,  which  is  small; 
mouth  round. 

This  beautiful  little  Solarium  appears  to  be  not  uncommon  in  this 
deposit,  three  very  perfect  specimens  having  been  extracted  from 
one  small  piece  of  the  soft  greenish  sandstone  in  which  they  are 
imbedded. 

Locality.— Cliffs  of  the  coast  of  S.  Africa,  near  the  UmtaAma  and 
Umzambani  Rivers. 

Genus  Turritella,  Lamarck. 

TURRITELLA  BONEI,  nOV.  Sp.      PI.  XII.  fig.  7. 

T.  testa  conica;  anfractibus  12,  convexis,  transversa  3-costatis ; 
costis  simplicibus ;  suturis  profundis ;  apertura  subquadratA ; 
basi  convexo. 

Length,  2  inches. 

Brefulth  of  last  whorl,  -j^ths  of  an  inch. 

Shell  moderately  elongated,  tapering,  with  about  12  rather  ventri- 
cose  whorls,  divided  by  a  deep  suture.  The  whorls  have  three  large 
ridges,  not  granulated,  and  are  numerously  striated  spirally ;  the  base 
is  convex,  and  the  aperture  round. 

It  is  allied  to  Turritella  difficilia  of  D'Orbigny,  from  the  Crtue 
CMoritee  of  France,  but  differs  in  having  fewer  ribs,  and  in  being 
striated  in  the  interspaces ;  it  also  bears  a  considerable  resemblance 
to  Turritella  moniUfera  from  Pondicherry. 

Named  after  Mr.  C.  Bone  of  the  Geological  Survey. 

Locality. — CUffs  of  the  coast  of  South  Africa,  near  the  Umtafuna 
and  Umzambani  Rivers. 

Turritella  Meadii,  nov.  sp.     PI.  XII.  fig.  6. 

T.  testA  conica ;  anfractibus  12,  transversim  insequahter  striatis, 
longitudinahter  plicatis ;  plicis  flexuosis ;  suturis  profundis ;  aper- 
twxi  ovali. 

Length,  -^^ihA  of  an  inch. 
Breadth  of  last  whorl,  yV^^  ^^  ^^  inch. 
Shell  conical ;  whorls  12,  unequally  and  faintly  striated  by  trans- 
verse and  longitudinal  flexuous  plications ;  aperture  oval. 

Found  associated  with  Ammonites  Umbulazi  in  compact  siliceous 
grit. 

Named  after  Mr.  Mead  of  the  Geological  Survey. 
Locality. — "  White-men's  Houses,"  near  the  Umzambani  Biver, 
S.  Africa. 

TukRiTELLA  Renauxiana,  D'Orbiguy,  Ter.  Crit.  pi.  152.  figs.  1-4. 
A  much-worn  specimen  from  Umpahlanayani  River,  included  in 
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this  collection^  appears  to  be  identical  with  the  peculiarly  formed 
shell  described  by  I)*Orbigny  under  the  above  name  from  the  Crate 
ChUnitie  of  France. 

Genus  Scauiria,  Lamarck. 

SCALARIA  ORNATA^  ROY.  Sp.      PI.  XII.  fig.  2. 

S.  test&  turrita,  imperforata ;  anfractibus  9,  longitudinaliter  costatis 
(costis  in  ultimo  anfractu  16)  ;  interstitiis  striatis ;  ultimo  anfractu 
antic^  carinato ;  apertur&  suborbiculari. 

Length,  2  inches. 

Breadth  of  last  whorl,  i^ths  of  an  inch. 

SheU  conical,  not  umbilicated ;  whorls  about  9,  which  are  crossed 
by  1 6  equal  elevated  continuous  ribs ;  the  whorls  are  closely  striated 
transversely,  and  decussated  with  very  fine  lines  of  growth,  forming 
a  terminal  edge  upon  each  rib ;  aperture  suborbicular. 

This  beautiful  species  is  closely  allied  to  Scalaria  Dupiniana, 
D'Orbigny,  but  has  a  greater  number  of  ribs,  and  is  more  finely 
striated  transversely. 

Locality. "C^ffa  of  the  coast  near  the  UmtaAma  and  Umzambani 
Bivers,  S.  Africa. 

Genus  Chbmnitzia,  D'Orbigny. 

Ghbmnitzia  Sutherlandii,  nov.  sp.    PI.  XII.  fig.  5. 

C.  test&  turrit&;  anfractibus  10,  convexis,  lon^tudinaliter  plicatis; 
plicis  flexuosis ;  aperturft  elongata,  ovatft. 

Length,  3  inches  i^ths. 

Breath  of  last  whorl,  1  inch  x^th. 

Shell  turreted,  elongated;  whorls  10,  convex,  with  longitudinal 
incurved  plications ;  aperture  elongated  and  ovate. 

Named  after  Dr.  P.  C.  Sutherland,  late  Surgeon  to  the  Arctic 
Expedition,  and  now  in  Natal,  to  whose  valuable  researches  science 
is  greatly  indebted. 

Locality. — CHffs  of  the  S.  African  coast  near  the  Umtafuna  and 
Umzambani  Bivers. 

Genus  Voluta,  Linnieus. 

VOLUTA  RIGIDA,  ROV.  Sp.      PI.  XII.  fig.  4. 

y  •  testi  oblongi ;  spirft  conicft ;  anfractibus  supem^  angulatis,  longi- 
tudinaliter costatis ;  costis  in  angulis  turgidis,  et  prope  suturam 
subobsoletis,  spiraliter  sulcatis ;  apertur^  angulat^  elongatft. 

Length  of  broken  specimen,  1  inch  i^ths;   probable  entire 

length,  1  inch  i^tlis. 
BreacUh  -^ths  of  an  inch. 

Shell  somewhat  cone-shaped,  with  about  18  longitudinal  ribs; 
coarsely  striated  spirally.  The  summit  of  the  whorls  is  formed  at 
the  suture  into  a  rim  with  slight  continuations  of  the  longitudinal 
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oostse  and  sttue  of  growth.  The  plications  of  the  columella  are  not 
exposed. 

This  species  is  nearly  related  to  Valuta  eineta,  Sowerhy,  from 
Pondicherry. 

Locality. — Cliffs  of  the  coast  near  the  Umtafbna  and  Umzambani 
Rivers,  S.  Africa. 

Genns  Natica,  Lamarck. 
Natica  mitltistriata,  noY.  sp.    Fl.  XII.  fig.  8. 

N.  testa  subconica ;  spir&  elat& ;  anfractibos  5,  convexis,  transver- 
sim  striatis ;  apertura  obliqui  oyat&. 

Length,  ^ths  of  an  inch. 
Brei^th,  -^ths  of  an  inch. 

Shell  subcorneal ;  spire  elevated ;  whorls  5,  rounded,  with  nume- 
rous transverse  striations ;  mouth  obliquely  ovate. 

This  form  is  nearly  related  to  Natica  pagoda^  from  Pondicheny. 

Locality. — ClifPs  of  the  coast  of  S.  Africa,  near  the  Umtarana 
and  Umzambani  Bivers. 

Several  small  (Gasteropoda,  which  have  been  obtained  in  clearing 
out  the  larger  fossils,  appear  to  belong  to  the  genera  7VoeAt», 
Phatianella,  and  Natiea.  They  are  mostly  too  obscure,  however, 
for  specific  determination. 

Lamellibranchiata. 

Genus  Cardium,  Linnttus. 

Cardium  denticulatum,  nov.  sp.    Fl.  XIII.  fig.  4. 

G.  testft  suborbiculat&,  convexd,  antic^  rotundatfi,  postici  truncate ; 
transversim  costatis,  costis  34,  elevatis,  imbricids,  et  denticulatis ; 
interstitiis  concentric^  striatu. 

Length,  ^ths  of  an  inch. 
Breadth,  ^ths  of  an  inch. 

Shell  suborbicular,  convex,  anterior  side  rounded,  posterior  trun- 
cated ;  ribs  about  34,  angular,  and  elevated,  with  scale-like  markings 
and  concentric  strise  between ;  posterior  margm  deeply  mdented  by 
the  sharp  ribs. 

This  small  Cardium^  which  is  beautiAilly  preserved,  is  very  unlike 
any  other  known  fossil  species,  the  deeply  serrated  posterior  margin 
distinguishing  it  from  all  others,  and  giving  it  a  greater  resemblance 
to  living  forms. 

Locality. — Cliffs  on  S.  Afiican  coast,  near  the  Umtafuna  and  Um- 
zambani Bivers. 

Genus  Arca,  Linnaeus. 

Arca  Umzambaniensis,  nov.  sp.    Fl.  XIII.  fig.  1. 

A.  testa  inflate,  gibbA,  obliqu^  trigonA,  abrupt^  truncate,  fortiter 
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carinata,  cariii&  elevat^  longitudinaliter  concentrio^ue  striata ; 
mnboniboB  approzimatis ;  ar&  ligamenti  anguatatA. 

Length,  2  inches  ^ihs. 
Bremith,  2  inches  ^ths. 

Shell  gibbous,  obliquely  triangular,  very  abruptly  truncate  and 
carinate.  The  keel  is  elevated,  and  is  the  highest  part  of  the  shell ; 
umbos  approximating ;  hinge-area  narrow. 

The  two  valves  of  this  fine  large  Arca^  which  are  still  united, 
have  a  reticulated  appearance,  caused  by  the  radiating  lines  bemg 
crossed  by  transverse  furrows  of  growth. 

It  b  alued  to  AreafihroBa,  from  the  Greensand  of  Blackdown ;  also 
to  A,  TrinekinopoHiensis,  Forbes. 

Locality, — Cliffs  on  S.  African  coast,  near  the  Umtafuna  and  Um- 
zambani  Bivers.  ' 

Arca  Natalbnsib,  nov.  sp.    Fl.  XIII.  fig.  2. 

A.  test&  subinflata,  carinat^  transversa  ovatfi,  antio^  obliqu^  truncata, 
an^;ulat^  postic^  rotundat4;  lateribus  striatis,  in  medio  sulcato- 
stnads ;  weft  cardinali  latft,  4-striatft ;  umbonibus  distantibus. 

Length,  1  inch  -x^ihs. 
Breadth,  1  mch  -^th. 

Shell  somewhat  inflated,  carinated,  transversely  ovate;  anterior 
side  obliquely  truncated,  and  angular ;  longitudindly  sulcated ;  car- 
dinal area  large,  with  four  striations ;  umbos  distant. 

This  description  is  founded  on  a  single  valve,  in  beautiful  pre- 
servation, and  showing  the  interior  and  hinge-area.  The  strongly 
ridged  exterior  and  difference  of  form  sufficiently  distinguish  it  from 
the  last  species.    It  closely  resembles  A,  Japetiea^  from  Pondicherry . 

There  is  also  another  species  of  AreOy  too  imperfect  to  determine. 

Locality. — Cliffs  of  S.  African  coast,  near  the  Umtafuna  and  Um- 
sambani  Bivers. 

Genus  Trigonia,  Bruguiire. 

Triggnia  elegans,  nov.  sp.    PI.  XIII.  fig.  3. 

T.  testft  ovato-trigonl^  antici  rotundatft,  postic^  productft  et  rostrata ; 
oostis  arcuatis,  obliqu^  crenulato-rugosis,  umbonibus  obtusis  sub- 
recurvis ;  areft  longitudinaliter  sulcara,  transversim  oostatft ;  carinis 
marginali  et  internft  depressis. 

Length  i^ihs  of  an  inch. 
Breadth  -^ths  of  an  inch. 

Shell  ovately  trigonal,  moderately  convex;  anterior  extremity 
rounded ;  posterior  extremity  produced  and  rostrated ;  ribs  some- 
what arched  and  crenulated  obliquely;  umbos  obtuse,  slightly 
recurved;  area  longitudinally  sulcated  and  transversely  strii^; 
striations  of  inner  carina  less  numerous  and  more  distinct ;  carina 
depressed. 
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This  small  Tria^onia,  in  very  perfect  condition*  both  Talves  being 
united  and  the  ligament  preserved,  is  distantly  related  to  Triffonia 
crentUaris,  Lamarck,  figured  by  D*Orbigny,  from  the  Craie  CklariiSe. 

Locality. — Cliffs  on  coast  of  S.-  Africa,  near  the  Umtafima  and 
Umzambani  Rivers. 

Fragments  of  another  species  of  Triffonia  accompany  this  with 
large  tubercles  hke  Triffonia  rudis. 

Genus  Inocsbamus,  Parkinson. 
Inocebamus  EZPAN8U8,  uov.  sp.    Fl.  XIII.  fig.  5. 

I.  testA  ovato-obliquA,  subdepressA,  subsequivalvi,  conoentiioi  pficatA; 
margine  cardiniui  dongato. 

Length  of  fragment  5^  inches. 

Shell  ovate,  oblique,  rather  depressed,  subsequivalve,  with  concen- 
trically  prominent  plications ;  hinge-margin  elongated. 

Several  fragments  were  procured,  showing  the  lengthened  hinge 
and  great  dilatation  of  this  species  *.  One  specimen  has  the  valves 
united.  They  are  from  soft  greenish  sandstone  and  hard  siliceous 
conglomerate,  containing  numerous  fragments  of  broken  shells.  It 
M>proaches  slightly  the  Inoceramus  latus  of  the  Lower  Chalk  and 
Upper  Oreensand. 

Locality. — Chfis  on  coast  of  S.  Africa,  near  the  Umtafuna  and 
Umzambani  Bivers. 

Genus  Pecten,  Brugui^. 

Pecten  auiNauECosTATus,  Sowerby. — ^A  small  but  perfect 
fpedmen,  associate  with  the  Inoceramus,  is  identical  with  the  Upper 
Greensand  species  from  Warminster. 

Locality. — Cliffs  of  S.  African  coast,  near  the  Umzambani  Biver. 

Pecten,  sp. ;  allied  to  P.  virgatus,  Nilsson.    A  fragment  too  im- 
perfect for  description ;  found  associated  with  the  Voluta. 
Locality. — Cliffs  of  S.  African  coast,  near  the  Umzambani  Biver. 

Genus  Obtrjsa,  Linn.    There  are  two  small  species  of  Ottr^M, 
one  of  them  attached  to  Inoceramus,  too  imperfect  to  determine. 
Locality. — Cli£Bi  of  S.  African  coast,  near  the  Umzambani  Biver. 

Genus  Teredina,  Lamarck.  A  large  mass  of  the  tubes  formed 
by  this  shell  in  fossil  wood,  much  weathered,  with  indistinct  traces  of 
me  valves,  undistin^;uishable  from  the  London  day  spedes. 

Localify. — *'  White  Men's  Houses,"  near  the  Umzambani  Biver. 

A  group  of  smaller  tubes  from  the  same  locality  ezactiy  resembles 
Teredo  antenauta  of  the  London  day ;  probably  they  are  formed  by 
younger  specimens  of  the  first-mentionea  spedes. 

«  See  alio  above,  p.  453. 
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Small  biyalve  shells  of  what  appear  to  be  the  following  genera, 
but  too  indistinct  to  determine  sp^aficaUy,  were  also  included  in  this 
collection : — 

Co&BULA ;  like  C.  earinata,  D'Orb. 

PoROMYA  ? ;  furrowed  form. 

LuciNA ;  like  L.  eaperataj  from  Blackdown. 

psctunculus. 

Cardium. 

LUCINA,  NUCULA,  ASTARTE,  and  SOLECURTUS? 

ECHINODERMATA. 
Genus  Hsmiastbr,  Desor. 

HSMIAOTER  F0RBE8II»  ROY.  Sp.      PI.  XII.  fig.  1. 

This^  the  only  Echinoderm  in  the  collection,  is  depriyed  of  nearly 
all  trace  of  its  test ;  some  fragmentSy  however,  accompany  it  with  the 
tubercles  and  pores  well  preserved. 

The  contour  is  broadly  cordate,  with  the  greatest  elevation  poste- 
riorly, and  slightly  dechning  anteriorly.  The  dorsal  ambulacra  are 
widely  petaloid,  very  unequal,  and  all  lodged  in  deep  excavations. 
The  antero-lateral  ones  are  1^  time  as  long  as  the  postero-laterals. 
The  latter  are  broadly  ovate  and  have  about  20  pairs  of  pores  in  each 
row.  The  antero-laterals  are  oblong  ovate,  and  have  about  30  pairs 
of  pores  in  each  series,  lodged  in  rather  broad  transverse  grooves. 
The  hoUowed-out  portion  of  the  odd  ambulacrum  is  very  broad  and 
extends  round  to  the  mouth.  The  elevated  spaces  between  the  petab 
are  narrow,  and  as  if  pinched  up.  The  sides  are  verv  prominent ; 
the  caudal  extremity  is  obtuse ;  me  vent  is  obscured.  The  mouth  is 
transversely  oval.  A  fragment  of  the  shell  of  another  specimen  of 
this  species,  from  between  the  anterior  and  posterior  ambulacra,  is 
covered  with  sliffhtlyscattered  small  equal  tuoerdes,  the  interspaces 
beine  ^ranukted.  The  specimen  is  not  sufficiently  perfect  to  distin- 
guish Its  fasdole. 

Length  1  inch  -^th.    Breadth  1  inch  ^ths. 

Dediicated  to  the  late  Professor  Edward  Forbes,  who  has  added  so 
much  to  our  knowledge  of  this  class  of  animals,  both  recent  and 
fossil,  and  by  whose  much-lamented  death  science  has  lost  one  of  her 
most  able  advocates. 

Locality, — Gli£Bi  of  S.  African  coast,  near  the  (Jmtafuna  and  Um- 
zambani  Rivers. 

PISCES. 
Plaooid  Order.    Squaloid  Family. 

CoRAX.  Represented  by  a  tooth,  nearly  allied  to  C.  ineisua, 
Egerton  *,  from  Pondicherry. 

Locality. — Cliffs  of  S.  African  coast,  near  the  UmtaAma  and  Um- 
zambani  Rivers. 

*  Tram.  Geol.  Soc  2  ler.  voL  viL  p.  92. 
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REPTILIA. 

The  fragments  of  Reptilian  bones  comprised  in  Capt.  Garden's 
collection,  eight  in  number,  were  submitted  to  Professor  Owen,  who 
kindly  determined  such  as  were  sufficiently  perfect.  He  considers 
them  to  be  all  Chelonian^  and  described  them  as  follows : — 

1  and  2.  Portions  of  a  rib,  with  carinated  costal  plate,  of  a  flat- 
formed  Chelonian. 

3.  Apparently  the  coraeoid  of  a  Chelonian :  and  two  others ;  por- 
tions of  Chelonian  bones. 

Locality. — Cliffs  of  S.  African  coast,  near  the  Umtafuna  and  Um- 
zambani  Riyers. 

Inferences  drawn  from  a  Study  of  the  Species. 

The  total  number  of  species  of  Molhuea  in  this  Collection  are 
35,  vis. : — 

Cephalopoda 51 

Gasteropoda 11  >35  species. 

LameUibranchiata.. ..  19 J 

Of  these,  30  are  hitherto  undescribed  forms,  and  related  or  haying 
a  dose  affini^  with  Cretaceous  species  ;  the  only  apparent  exceptions 
being  that  of  the  Voluta,  a  senus  cha^racteristic  of  the  Tertiaries  of 
our  own  country  (but  as  Professor  Forbes  states  in  his  Report  on  the 
Indian  fossils,  to  which  this  collection  bears  a  considerable  resem- 
blance, "having  representatives,  and  those  not  peculiar  forms,  as  low 
down  as  the  Upper  Greensand  in  Europe,  and  occurring  also  in  Cre- 
taceous strata  m  North  America") ;  and  the  Teredo,  which  is  un- 
distinguishable  from  the  London  Clay  species. 

There  is  but  one  species,  however,  which  can  be  positively  identified 
with  English  fossils,  and  that  is  Pecten  quinquecoatatusy  one  of  the 
most  characteristic  of  cretaceous  species. 

Of  the  Gasteropoda,  the  Scalaria  is  closely  related  to  a  cretaceous 

Species  found  in  the  Gault  of  Folkestone  and  Greensand  of  Black- 
own  ;  one  of  the  species  of  TurriteUa  is  also  allied  to  a  cretaceous 
form  from  France ;  another,  but  very  imperfect  specimen,  appears 
to  be  identical  with  Turritella  Renauxiana,  described  by  I^Orbigny 
from  the  Craie  Chloritie. 

The  genera  of  Bivalves  in  this  collection  are  all  known  in  cretaceous 
or  older  strata;  the  peculiar  forms  of  Area,  Trigonia,  Corbula, 
Poromya,  Lucina,  Astarte,  Nucula,  Inoceramus,  and  Pecten  being 
also  characteristicaUy  cretaceous. 

There  is  but  one  species  of  Echinoderm ;  and  this  is  a  charac- 
teristic cretaceous  form  of  the  genus  Hemiaster. 

There  appears,  therefore,  from  the  evidence  adduced,  no  difficulty 
in  believing  that  the  beds  fVom  which  these  fossils  were  obtained,  are 
**  cretaceous,"  and  probably  palsebntologically  equivalent  to  the 
Upper  Greensand  of  thb  country  and  Craie  CkUnitie  of  France. 
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EXPLANATION  OF  PLATBS  XI.,  XII.,  XIII. 

Flask  XI. 

Fig.  1.  Ammonites  Sontonii :  a,  front  view  of  whorls ;  d,  btck  ^ew  redaoed  to 

one-fourth  of  nttnral  size ;  e,  septal  suture,  half-nstnral  size. 
Fig.  2.  Ammonites  Stangeri :  a,  front  view  of  whorls ;  b,  back  Tiew,  reduced  to 

one-fourth  of  natural  size ;  e,  septal  suture,  natural  size. 
Fig.  S.  Ammonites  Oardeni:  a,  front  Tiew  of  inner  whorls;  &,  back  Tiew, 

natural  size ;  e,  septal  suture,  enlarged  2  diameters. 
Fig.  4.  Ammonites  Umbnlazi :  a,  front  view  of  whorls;  &,  back  view,  natural 

size ;  c,  septal  suture,  enlarged  3  diameters. 
Fig.  5.  Baculites  sulcatus :  a,  front  yiew ;  b,  section  of  one  of  the  chambers ; 

c,  back  ^ew  of  another  specimen  with  deeper  sulcations. 

Plate  XII. 

Fig.  1.  Hemiaster  Forbesii:  a,  upper  suiftce;  b,  under  surftce;  c,  portion  of 
upper  surface  with  amoalacra,  perforated  tubercles,  and  encircling 
granules,  magnified. 

Fig.  2.  Scalaria  omata :  a,  natural  size ;  b,  portion  of  surface,  magnified. 

Fig.  3.  Solarium  pnlchellnm:  a,  side  Tiew,  natural  size;  b,  upper  yiew  of 
whoris  enlarged  5  diameters. 

Fig.  4.  Volota  rigida;  nstural  size. 

Fig.  5.  Chemnitzia  Sutherlandii ;  natural  size. 

Fig.  6.  Tnrritella  Meadii:  a,  natural  size ;  &,  enlarged  3  diameters. 

Fig.  7.  Turritella  Bonei :  a,  natural  size ;  &,  portion  of  surface  magnified. 

Fig.  8.  Natica  multistriata :  a,  natural  size ;  b,  portion  of  the  sur&ce  magnified. 

Platb  XIII. 

Fig.  1.  Area  Umzambaniensis ;  natural  size. 

Fig.  2.  Area  Natalensis :  a,  outer  yiew  of  sin^e  yalye ;  d,  inner  yiew  of  the 

same ;  natural  size. 
Fig.  3.  Trigonia  degans :  a,  front  yiew ;  b,  hinge  yiew ;  natural  size. 
Fig.  4.  Caraium  denticulatum :  a,  natural  size ;  b,  enlarged  3  diameters. 
Fig.  5.  Inooeramus  expansus :  hinge  portion  of  shell,  reduced  one-third. 


5.  Notes  an  the  Geology  q^  Natal,  South  Africa. 
Bj  Dr.  P.  G.  Sutherland. 

[In  Letters*  to  Sir  R.  L  Murchison,  y.P.G.S.] 

The  flea-coast  of  Natal,  to  a  distance  of  twenty  to  thirty  mileB  inland, 
appears  to  be  composed  of  beds  of  sandstone  and  shale  alternating 
with  trap-rock,  the  former  containing  thin  layers  of  woody  coal  and 
very  faint  vegetable  impressions.  These  beds  of  trap  and  sedimentary 
matter  are  not  individually  of  great  extent.  Six  of  each  sometimes 
occnr  in  a  linear  space  of  a  quarter  of  a  mile. 

The  best  specimens  of  the  coal  jet  found  are  o^  slightly  bitu- 
minous ;  and  much  is  of  very  inferior  character.  The  tmckness  of 
the  seams  varies  from  a  mere  film  up  to  about  2^  to  3  feet.  Where 
the  best  coal  exists,  three  seams  crop  out  in  a  space  of  20  feet ;  the 
aggregate  thickness  of  which  i^  upwards  of  4  feet.  From  the 
manner  in  which  they  run  into  each  other,  thin  out,  again  thicken, 

*  Dated  O'Urhan,  March  13, 1854 ;  and  Natal,  Nov.  3, 1854. 
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and  are  separated  by  lenticular  deposits  of  arenaoeous  shale  and  grit, 
I  have  hojpes,  bj  rollowing  them,  we  may  find  them  passing  per- 
manently mto  one  or  more  thick  beds.  The  distance,  however,  of 
this  locality  from  a  sea-port  (200  miles)  is  such,  that  the  value  of 
the  coal  wul  not  repay  the  expense  of  working  and  carriage.  It  is 
of  importance,  however,  for  use  in  the  Colony  [Natal],  and  since  it 
be«n  to  be  wrought  the  imports  of  coal  into  Natal  have  ceased. 

Judging  from  the  cursory  examination  I  have  been  able  to  make 
of  the  impressions  of  leaves  and  stems  contained  in  the  shale,  thej 
resemble  tne  Oolitic  flora  more  than  that  of  the  true  Coal-formation. 
Bones,  apparently  of  a  Saurian  *,  are  imbedded  in  a  highly  calca- 
reous rock  which  crops  out  above  the  coal-strata,  and  are  associated 
with  the  v^table  impressions  whidi  characterize  the  latter. 

The  arenaoeous  shale  is  frequently  found  beautifully  ripple-marked, 
and  that  too  within  half  a  foot,  in  the  descending  series,  beneath  the 
coal. 

The  crystalline  rocks,  cropping  out  in  a  line  nearly  parallel  with 
the  direction  of  the  sea-coast,  are  infringed  upon  by  beds  of  coarse 
sandstone,  which  occasionally  show  symptoms  of  disturbance  from 
extensive  beds  of  a  species  of  trachyte  containing  fragments  of  the 
ciystalline  rocks  on  which  the  less  disturbed  sandstone  strata  rest. 
At  first  I  had  considerable  doubt  about  the  true  character  of  the 
trachytic  rock,  but  they  were  removed  by  finding  the  sandstone  beds 
scored  and  grooved  wnere  Uie  superincumbent  erupted  matter  had 
passed  over  them  in  a  state  of  semi-fusion.  This  condition  of  semi- 
fusion  must  have  conduced  to  the  mechanical  suspension  of  the  gra- 
nitic fragments.  Where  the  grooves  and  scratches  were  observed, 
the  indi^tion  of  the  strata  is  1^  1 7'*  Removal  of  the  erupted  matter 
by  the  denuding  agency  of  the  weather  reveals  the  grooved  surface 
of  the  stratified  rock,  which  has  been  rendered  the  more  enduring 
by  contact  with  the  former.  On  the  coast  and  inland  sides  of  these 
beds,  extensive  strata  of  shales  and  sandstone  alternate  with  irregular 
beds  of  greenstone,  which  frequently  crop  out  as  basaltic  cliffs. 
Dykes  of  the  same  material  traverse  the  strata  in  all  directions. 

The  metamorphic  strata  of  the  district  frequently  show  extensive 
contorted  laminie  of  quartz,  which  undergo  disintegration  under 
atmospheric  influences,  out  gold  does  not  appear  to  have  been  yet 
found  in  connexion  witJi  them. 

Undulating  table-lands  of  considerable  extent  are  not  uncommon 
at  a  height  of  5000  feet  in  this  district,  and  many  such  are  composed 
of  a  bed  of  greenstone  at  the  top,  resting  on  be^  of  shale  and  sand- 
stone, the  htter  being  traversed  by  dykes  of  the  volcanic  rock. 
These  table-hills  occur  about  twen^  or  thirty  miles  from  the  coast, 
and  are  several  miles  in  extent.  Some  of  these  rise  precipitously 
above  level  plains  of  equal  extent. 

A  huge  dyke  of  granite  runs  from  N.£.  to  S.W.  in  a  somewhat 

*  [The  author  thinks  this  to  be  Ickthyottmnu,  but  perhaps  it  is  Dieynodbn,  as 
these  strata  appear  to  be  oontinaous  with  those  described  by  Mr.  Bain.— Ed.] 
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tortaouB  ooQTsey  and  is  flanked  on  both  sides  by  fhe  table-hills»  wbich, 
earions  as  it  roaj  appear,  are  at  a  higher  elevation  above  the  sea. 
The  Table-hiDs  are  composed  of  a  rudely  stratified  sandstone,  with- 
out fossils,  and  containing  rounded  pebbles  of  gneiss,  quartz,  clay- 
sUte,  and  other  metamorphic  rocks.  The  granite  is  very  rough- 
grained,  almost  porphyritic,  and  in  some  instances  large  masses  are 
seen  protruding  through,  and  resting  in,  beds  of  the  same  material, 
whicn  has  underffone  some  peculiar  decomposing  process.  As  we 
advance  inland,  the  beds  of  sandstone  and  shale  are  of  much  greater 
thickness  than  on  the  coast.  In  one  or  two  instances  beds  of  basalt 
have  been  cut  through  to  a  depth  of  nearly  300, feet  by  the  river. 
Such  deep  beds  give  rise  to  a  somewhat  terrace-like  character  in  the 
contour  of  the  country,  from  the  protrusion  of  the  granite  to  the 
Draakensberg  Range. 

The  sea-coast  is  in  some  places  fringed  with  reefs  of  the  dark 
basaltic  rocks.  In  other  parts  laree  dunes  of  sand,  containing  sea- 
sheUs  in  a  fragmentary  state,  are  t£rown  up  by  the  wind,  and,  from 
the  large  proportion  of  lime  they  contain  (70  per  cent,  of  the  car- 
bonate), they  soon  become  consolidated  into  stone  fit  for  building- 
purposes  *.  These  dunes  are,  for  the  most  part,  covered  with  a  rank 
verdure  or  a  low  thick  and  impenetrable  bush,  in  which  land-shells 
are  abundant,  the  impressions  of  which  are  not  unfreouently  met 
with  in  the  newly  constructed  sandstone.  The  rivers,  witn  a  descent 
of  about  40  feet  in  the  mile,  flow  very  rapidly,  and  bring  down  great 
quantities  of  detrital  matter  in  a  highly  subdivided  state.  This 
becomes  deposited  at  their  mouths  to  form  rock,  which  not  unfre- 
quently  is  found  to  include  the  enduring  shells  of  Oysters  and  other 
littoral  molluscs  f.  The  water  sometimes  bears  down  fine  debris  of 
dark  greenstone,  which,  alternating  with  the  lighter-coloured  de- 
tritus, forms  a  deposit  in  which  several  strata  can  be  counted  in  the 
space  of  a  single  mch. 

The  recent  deposits  in  the  upper  parts  of  the  district  yield  fine 
agates,  derived  from  dykes  of  amygdaloidal  rock. 

The  Quathlamba  Range  appears  to  be  composed  of  alternating 
strata  of  greenstone  and  the  shaly  rocks  of  the  Colony.  It  attains  a 
height  Uttle  less  than  9000  feet. 

The  copper  of  the  Natal  District,  and  of  the  district  of  the  Free 
Republic  beyond  the  Yaal  River  (one  of  the  chief  branches  of  the 
Orange  River),  occurd  in  the  form  of  malachite  in  highly  contorted 
gneiss,  the  mica  of  which  is  not  unfrequently  replaced  by  hornblende, 
thus  forming  a  laminated  syenitic  rock.  From  the  diffusion  of  the 
ore  in  the  rock,  and  the  readiness  with  whicl^  the  outcrops  are 

*  [See  also  Capt.  Nelson's  Observations  on  these  rocks  of  iEoIian  formation  on 
the  South  African  Coast  and  elsewhere,  Qnart  Joum.  Oeol.  Soc  vol.  iz.  p.  206.] 

t  The  author  incidentally  alludes  to  the  richness  of  the  existing  molluscan 
fauna,  both  of  land  and  sea,  on  the  Natal  Coast,  and  the  characteristic  difference 
existing  between  it  and  that  on  the  coast  of  the  Cape  Colony, — a  difference  arising 
from  the  heating  influence  of  a  current  flowiifg  southward  along  the  shore  from 
the  Equator,  through  the  Mozambique  Channel. 
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ezhauBted,  I  am  not  very  sangaine  that  the  sources  hitherto  dis- 
covered will  prove  productive.  I  helieve,  however,  that  beyond  the 
Yaal  Biver  the  ore  is  in  considerable  abundance,  but  up  to  this  time 
I  am  not  aware  that  any  attempts  have  been  made  to  develope  a 
trade  in  that  valuable  metal  from  the  inland  quarter  in  question. 


BfAY  2,  1855. 

W.  Foster  White,  Esq.,  G.  S.  Mann,  Esq.,  L.  Barrett,  Esq.,  and 
J.  D'Urban,  Esq.,  were  elected  Fellows. 

The  following  Communications  were  read : — 

I.  On  the  Anthracitic  Schists  and  the  Fucoidal  Remains 
occurring  in  the  Lower  Silurian  Rocks  of  the  South  of 
Scotland.    By  Professor  R.  Harkness,  F.G.S. 

The  Lower  Silurians  of  the  South  of  Scotland,  as  shown  by  other 
authors*,  constitute  the  whole  of  the  mountainous  region  which, 
Winff  south  of  the  Firths  of  Forth  and  Clyde,  forms  the  Southern 
Highlands  of  Scotland,  except  a  small  patch  at  the  eastern  extremity 
of  Kirkcudbright  Bay,  which  appertams  to  the  Upper  Silurians  f. 
These  Lower  Silurians  have  a  prevailing  inclination  towards  the 
N.N.W.,  and  along  their  northern  margin  we  have  the  highest  strata 
developed.  At  the  north-western  extremity  of  the  range,  near  Gir- 
van  in  Ayrshire,  these  higher  beds  consist  of  limestone  and  sand- 
stones, abounding  in  fossils  characteristic  of  the  Llandeilo  portion  of 
the  Lower  Silurians.  Towards  the  south  deeper-seated  strata  occur ; 
and  as  we  find  no  traces  of  limestone  beds  m  these,  fossil  remains 
become  rare,  the  deposits  consisting  principally  of  sandstone,  with 
some  shales.  Among  these,  however,  under  certain  circumstances, 
organic  remains  are  met  with,  more  particularly  as  we  approach  the 
lowest  portion  of  the  formation. 

A  locality  where  these  deep-seated  strata  are  well  seen  is  in  Glen- 
kiln^,  in  the  parish  of  Kirkmichael,  about  nine  miles  north  of  Dum- 
fries. Commencii^  at  the  entrance  of  the  glen,  we  find  exposed,  in 
the  course  of  the  Glenkiln  Bum  (see  fig.)  underneath  the  manse  of 
Kirkmichael,  a  small  patch  of  hunter-sandstone  (?)  conglomerate  (a) 
abuttmg  against  a  purple  sandstone  (i),  which  forms  the  lowest 
portion  of  the  Silurian  strata  here  seen.  Similar  sandstones  or  grits 
(i)  make  their  appearance  higher  up  the  stream,  and,  although  par- 
tially covered  with  gravel,  form  the  bed  of  the  brook  until  we  reach 
a  spot  known  as  Lamb-foot. 

Besides  puiple  grits,  some  of  which  contain  quartz  fragmentsy 
bluish-grey  grits  occur,  and  with  these  are  associated  purple  and 
greyish  indurated  shales. 

*  See  Nicol,  Quart.  Journ.  Geol.  Soc.  vol.  iv.  p.  204,  &c ;  J.  C.  Moore,  tUdL 
▼oL  T.  p.  7|  &C. ;  MurchiBon,  iHd,  yoL  tu.  p.  139,  &c.,  and  *  Silmia,'  p.  149. 
t  See  Quart.  Jonm.  GeoL  Soc.  'Vol.  yii.  p.  46,  &c ;  and  voL  viiL  p.  393. 
X  Ihid.  ToL  viL  p.  49,  and  voL  viiL  p.  393. 
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These  purple  and  grey  grits  and 
shales  have  a  preyailii^  dip  towards 
the  N.N.W.  at  an  angle  of  about  40^ 
much  less  than  the  ordinary  dip  of  the 
Silurians,  which  is  in  the  same  direc- 
tion, usually  at  an  angle  of  about  70° ; 
and  these  strata,  having  the  smaller 
dip,  attain  a  perpendicular  thickness  of 
alM)ut  1500  ieet,  throughout  which  no 
fossils  are  seen. 

Above  this  series  of  grits  and  shales, 
we  find  in  the  course  of  the  brook 
beds  of  anthracitic  shale  (s),  which  are 
crumpled  up  by  flexures.  As  the  brook 
immediately  above  and  below  the  an- 
thracite-shales flows  over  pebbles,  the 
deposits  upon  which  these  shales  rest 
are  not  here  seen.  The  lower  beds  of 
the  anthracite-shale  occur  in  the  form 
of  indurated  black  shales,  having  an- 
thracitic laminae  running  through  mem. 

In  the  more  anthracitic  shales  we 
have  abundance  of  fossils,  which  con- 
sist of  Graptolites  sagittariuSy  DipUh 
ffrapsus  pristis,  B,  ramosus^  D.  mucro- 
natus,  and  D,  bicomis\  but  these,  as 
we  shall  afterwards  see,  are  not  the 
lowest  fossils  which  present  themselves. 

After  leaving  the  flexured  anthra- 
cite-shale, the  strata  are  hidden  for  a 
distance  of  about  80  yards  across  the 
strike,  when  they  again  appear  to  a 
small  extent,  dipping  at  a  high  angle 
towards  the  S.,  and  are  immediately 
succeeded  by  others  (i*)  with  the  same 
dip  as  occurs  in  the  deposits  below  the 
anthradte-shale,  viz.  about  40°  N.N.  W. 
They  resemble  those  which  are  seen 
lower  down  the  stream,  and  seem  to  be 
a  repetition  of  the  same  strata,  re- 
sulting from  a  small  anticlinal.  Grits 
and  shales,  about  240  feet  in  perpen- 
dicular thickness,  here  present  them- 
selves; and  are  succeeded  by  a  thin 
black  shale,  immediately  underlving 
the  anthracite-shales  hererepeated  («*) ; 
and  in  this  black  shale  we  have  fossUs 
which  occupy  the  lowest  position  in 
this  locality. 

This  black  shale  is  about  6  inches 
in  thickness ;  its  lower  portion  is  filled 
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with  a  small  rounded  variety  of  the  Diplograpmu  JoUwnt  generally 
in  an  imperfect  state.  In  the  same  shale  Bidymograptiu  sexteau. 
Hall,  is  found  along  with  the  Graptolites  already  referred  to  as  oc- 
curring in  the  anthracite-shale,  and  also  a  new  form  of  Roitriteg, 
characterized  by  the  length  of  its  cells,  which  attain  almost  an  inch 
in  size  (see  p.  475).  Besides  these,  an  orbicular  Brachiopod,  which 
Mr.  Salter  mforms  me  is  the  Siphonotreta  nUcula,  M*Coj,  occurs ; 
this  is  the  only  bivalye  shell  as  yet  obtained  in  these  low  deposits. 
Separating  this  black  shale  from  the  underlying  purple  ana  grey 
grits  is  a  thin  drab-coloured  shale,  in  which  no  fossils  are  found. 

In  the  anthracite-shales  (s*)  which  succeed  the  black  shale,  we 
meet  with  the  same  fossils  which  make  their  appearance  in  the  flexured 
beds  below  (t)  ;  and  above  these  there  is  seen  another  dark-coloured 
shale  (s),  also  abounding  in  Graptolites,  some  of  which  do  not  occur 
in  the  anthracitic  schists,  viz.  Graptolites  Sedffwickii,  Diplograpnu 
folium^  and  Rattrites  peregrinua.  Above  this  another  bed  of  black 
shale  appears,  in  which  only  IHplograpsuM  teretuueulut  occurs. 

light  drab-coloured  shales  (4^  succeed ;  thAe  are  devoid  of  fossils, 
but  resemble  lithologically  the  deposit  which  underlies  the  thin  black 
fossiliferous  shale.  Beyond  tibe  drab-coloured  shales  (4)  the  bed  of 
the  stream  in  the  glen  above  consists  of  gravel. 

Deposits  similar  to  those  above-described  are  common  to  many 
localities  in  the  Silurians  of  the  SoutJii  of  Scotland.  They  are  well 
seen  in  the  course  of  the  Duffkinnell  Bum,  in  the  neighbourhood  of 
Rae  Hills,  in  the  parish  of  Johnstone,  Dumfriesshire ;  and  here  they 
afford  many  of  the  fossils  just  alluded  to,  as  well  as  a  form  of  Roi- 
tritea  new  to  Great  Britain,  the  R,  Lituum,  Barr.  In  this  locality, 
besides  the  remains  of  these  zoophytes,  we  have  evidence  of  a  more 
highly  organized  race  of  animals.  These  consist  of  portions  of  Crua- 
tacea.  One  of  them  is  figured  in  the  Quart.  Joum.  Qeoh  Soc.  vol. 
viii.  pi.  21.  fig.  10,  and  is  named  by  Mr.  Salter  JHthyroearU?  apty- 
chaides.  Another,  which  at  first  sight  was  a  puzzle  to  palaeonto- 
logists, Mr.  Salter  informs  me  is  a  portion  of  the  carapace  of  a 
crustacean  probably  of  the  same  genus, — a  genus  which  has  hitherto 
been  found  only  in  the  carboniferous  formation,  principally  in  coal- 
shales  ;  a  dreumstance  supporting  the  conclusion  mat  the  anthracitic 
schists  owe  their  origin  to  conditions  somewhat  akin  to  those  under 
which  the  shales  of  the  coal-measures  were  formed. 

Among  these  strata  of  the  South  of  Scotland,  we  have  as  yet  seen 
no  organic  remains  from  which  we  can  form  any  idea  as  to  the  origin 
of  the  anthracite  present  in  some  of  the  schists ;  the  fossils  already 
referred  to  being  of  animal  nature,  and  occurring  in  the  form  of 
pyritous  stains.  In  one  instance,  however,  in  black  shales  overlying 
the  anthraciteHM^hists,  the  remains  of  a  Fucoid  were  found ;  and  this 
is  probably  the  lowest  position  in  which  distinct  traces  of  sudi  remains 
have  been  met  with  m  Scotland.  On  referring  this  fossil  to  Mr. 
Salter,  he  writes  me  thus : — **  It  is,  I  believe,  a  Fucoid ;  but  that  of 
itself  is  most  interesting,  as  we  have  no  dear  traces  of  fnooids  so 
low." 

Although  the  anthracitic  schists  themsdves  have  not  yet  afforded 
this  form  of  fossil,  still  there  are  some  reasons  for  inferring  that  this 
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deposit  has  deriTed  its  carbonaceous  matter  from  the  existence  of 
searweeds  during  the  earlier  portion  of  the  Lower  Silurian  epoch. 

In  order  to  obtain  more  intimate  knowledge  with  regard  to  the 
origin  of  the  anthracite,  I  submitted  portions  of  it  to  a  minute  mi- 
croscopical examination,  both  in  the  form  of  powder  and  likewise  in 
the  state  of  ash.  In  no  case,  howerer,  could  I  obtain  an^rthing 
which  indicated  Testable  structure,  the  ash  presenting  itself  in  the 
form  of  minute  grams  of  quartz,  hayinc  upon  them  the  transverse 
striation  prevailmg  in  this  mincoral.  Through  the  kindness  of  mj 
friend  and  colleague  Dr.  Bljth,  I  am  enabled  also  to  give  the  ana- 
lysis of  the  anthradtic  schists,  which  is  as  follows : — 

Water 1-05 

Carbon    5*05 

Ashes 93-90 

100-00 
The  ashes  consist  of, — 

Silica 96-83 

Iron 2-27 

Alumina 0-90 

lime a  trace 

100-00 

From  this  analysis  of  the  ashes  of  the  anthracite-schists,  they  ap- 
pear in  their  mineral  composition  to  approach  exceedingly  near  to 
the  nature  of  pure  quartz  ;  and  it  would  seem  that  these  schists  were 
originally  beds  of  fine  sand,  or,  in  other  words,  sand-banks,  impreg- 
nated with  organic  substances.  The  question  as  to  the  source  from 
whence  the  carbon  has  been  derived,  is  in  no  way  answered  by  the 
microscopical  examination,  or  by  the  analysis,  except  that  this  latter 
points  to  an  affinity  to  some  of  the  coal-measure  shales  rich  in  car- 
bon, and  renders  the  circumstance  probable,  that,  like  these  coal- 
shales,  the  anthradte  was  obtained  from  altered  vegetable  matter. 
The  occurrence  of  such  animal  remains  as  are  seen  in  these  schists  in 
the  form  of  iron  pyrites  rather  than  as  carbonaceous  markings,  would 
also  justify  the  imerence  that  the  carbon  of  these  shales  had  a  dif- 
ferent origin  from  that  which  had  entered  into  the  composition  of 
the  Graptolites  when  these  were  living  animals,  and  would,  to 
some  extent,  lead  to  the  conclusion  that  vegetable  remains  frunished 
this  substance, — an  inference  which  is  further  supported  by  the 
appearance  of  a  genus  of  Crustaceans,  the  Dithyroearis^  which  had 
its  habitat  among  the  v^etable  mud  of  the  succeeding  carboniferous 
formation. 

When  we  consider  the  large  portion  of  earthy  matter  in  the  an- 
thradtic  shales,  we  must  re^rd  them  as  having  an  origin  in  some 
respect  allied  to  that  of  coals  which  contain  a  large  amount  of  earthy 
substances,  although  the  Utter  derive  their  organic  matter  from  a 
different  class  of  vegetables.  And  if  we  bear  in  mind  the  low  organ- 
ization of  Fucoids,  which  consist  of  a  simple  mass  of  parenchymatous 
tissue  of  a  very  succulent  character,  we  can  easily  conceive  how 
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readfly  all  traces  of  the  external  form  of  such  yegetables  would  be- 
come obliterated,  and  ako  how  all  distinct  evidence  from  the  state 
of  internal  tissue  should  have  disappeared. 

In  Sweden,  where  the  anthracitic  or  bituminous  shale  occurs 
among  the  Silurians,  it  has  been  shown  by  Murchison*  to  rest  upon 
a  sandstone  containing  Fucoidal  remains,  indicating  the  source  from 
whence  the  shales  probably  deriTcd  their  carbonaceous  matter.  In 
Russia,  however,  where  they  underlie  limestcmes  of  the  Llandeilo  age; 
they  have  less  of  an  anthracitic,  and  more  of  a  coaly  nature ;  sinc|e, 
from  the  observations  of  Colonel  Helmersen,  these  depoats  contain 
about  25  per  cent,  of  bitumen,  with  a  considerable  amount  of  inflam- 
mable gas. 

In  the  Silurisns  of  the  South  of  Scotland,  v^;etable  remains  are 
apparently  not  confined  to  the  anthracite-shales  and  their  accom- 
panying beds.  There  exists  another  zone  in  these  Silurians  affording 
rucoidal  remains  in  at  least  one  locality.  This  zone  forms  the  be£ 
from  whence  Graptolites  were  first  obtained  by  Prof.  Nicol  at  Greiston 
in  Peeblesshire ;  and,  following  these  deposits  from  this  locality 
in  the  direction  of  their  strike,  W.S.W.,  we  meet  with  them  again  at 
Barlae,  in  the  parish  of  Dairy,  about  seven  miles  north  of  the  town  of 
New  Galloway,  in  the  Stewartry  of  Kirkcudbright.  Here  the  Fucoid 
remains  occur  under  entirely  different  circumstances  from  those  at 
Glenkiln.  They  are  in  no  way  associated  with  anthracite-shales, 
neither  do  they  make  their  appearance  in  soft  beds  along  with 
Graptolites. 

The  deposits  in  this  locality  conmst  of  sandstones  and  flaggy  beds : 
the  latter  were  formerly  used  for  slating-purposes ;  but,  in  conse- 
quence of  exfoliating  by  exposure  to  the  weather,  and  requiring 
heavy  timber  to  support  them,  the  working  of  these  so-called  slates 
is  now  abandoned  in  the  South  of  Scotland,  the  Webb  and  Cumber- 
land slates  having  supplied  their  place.  On  the  faces  both  of  these 
sandstones  and  of  the  fiaggy  beds,  various  fossils  are  seen.  Some- 
times they  occur  in  the  form  of  the  tracks  of  AnneHds  of  the  genus 
CroiwpodiOf  M'Coy ;  and  sometimes  Nereites  present  themselves, 
as  weU  as  the  rare  zoophyte  Protovirgulariaf  M'Coy ;  also  filiform 
bodies,  the  nature  of  which  is  somewhat  uncertain,  but  having,  in  the 
opinion  of  the  late  Prof.  £.  Forbes,  some  relation  to  the  genus  Old- 
hamia  of  the  Irish  Cambrians ;  and  along  with  these,  fucoids  of  the 
genera  Palaochorda  and  Chondrites,  M*Co^,  occur,  the  former  in 
considerable  abundance.  Of  the  branching  fucoid.  Chondrites, 
several  species  may  be  seen,  and  amon^  these  are  C.  in/ormis, 
M'Coy,  and  C.  aeutanguhu,  M'Coy,  fossils  which  are  found  in  the 
black  date  of  Skiddaw. 

These  fucoids  present  no  traces  of  anthracite,  but  are  converted 
into  the  substance  in  which  they  lie;  and  the  physical  evidence 
associated  with  their  occurrence  leads  to  the  inference  that  the  strata 
were  formed  in  comparatively  shallow  water,  since  we  have  ripple- 
marks  on  the  faces  of  the  beds ;  these  ripples,  in  some  instances, 
being  partially  fiUed  with  sand. 

*  See  Russia  in  Europe,  vol.  i.  p.  15*,  and  Siloria,  p.  318. 
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The  eridence  afifbrded  hj  the  deposits  which  aooompany  the  an- 
thracitic  shides,  however^  is  such  as  to  show  that  different  circum- 
stances prevailed  from  those  which  have  produced  the  fricoid-sand- 
stones  of  Barlae.  The  character  of  the  shales  both  subjacent  and 
superior  to  the  anthradteHSchists  leads  to  the  inference  that  tranquil 
water  deposited  them ;  and  they  have  every  aspect  of  being  the  result 
of  a  deeper  sea ;  the  conditions  being  such  as  to  support  the  conclusion 
that  other  forms  of  fhcoids  than  those  whidi  occur  in  the  higher- 
lying  sandstones  of  Barlae  produced  the  anthracite-schists ;  an  in- 
ference, which  is  supported  by  the  occurrence  in  the  graptolite-shales 
of  a  fricoid  which  in  its  external  characters  bears  no  relation  to  either 
the  Pakeocharda  or  Chondrites,  When  we  consider  the  large  area 
which  the  anthraddc  shales  occupy,  extending  all  across  the  South 
of  Scotland,  it  is  probable  that  these  owe  their  carbonaceous  matter 
to  some  form  of  ancient  sea-weed,  which,  Uke  the  present  Macrocystis 
pyriferOf  occurred  in  immense  masses  over  extensive  tracts  of  sea ; 
the  recent  form  referred  to  having  a  distribution  through  no  less  than 
140  degrees  of  longitude. 


Notes  on  the  Fossil  Fitcoids,  Zoophytes,  and  Annelids  of  the 
Flags  and  Sandstones  at  Barlae.  By  Professor  R.  Hark- 
ness,  F.G.S. 

Fueoids. 

1.  Chondrites  regularis,  nov.  spec.  This  species  of  branch- 
ing fucoid  is  characterized  by  the  r^ular  mode  in  wluch  it  is  divided ; 
the  branches  in  the  specimen  under  examination  appearing  to  issue 
from  a  central  stem,  at  nearly  equal  distances  from  each  other  on  one 
side,  where  the  portion  of  the  central  stem  and  branches  are  seen  in 
a  state  of  consiaerable  relief.  On  the  opposite  side  no  branches  are 
apparent,  and  the  stem  is  obscure,  owing  probably  to  the  stony 
matter  enclosing  this  part  of  the  fucoid.  The  branches  are  sightly 
curved,  and  become  more  flattened  and  expanded  near  their  extre- 
mity. The  lowest  and  largest  of  these  in  the  specimen  is  about  an 
inch  in  length,  the  other  two  being  smaller,  and  the  branches  seeming 
to  lessen  in  size  as  they  approach  the  upper  part  of  the  fucoid. 
The  central  stem  in  this  specimen  is  about  3  inches  long  and  -j^th 
of  an  inch  in  thickness,  ana  has  a  rounded  form. 

Locality, — Found  along  with  other  species  at  Barlae  Quarry,  Kirk- 
cudbrightshire, in  indurated  shale. 

2.  Chondrites  iNFORMis,M'Coy*.  This  species,  which  occurs 
in  the  black  slate  of  Skiddaw  (Whitless\  is  met  with  in  considerable 
abundance  in  the  grev  shales  and  sandstones  of  Barlae ;  but  in  ge- 
neral it  presents  itself  in  a  more  indistinct  state  than  as  seen  on  Uie 
slates  of  Cumberland. 

3.  Paljbochorda  MAJOR,  M'Coyf.      This  fucoid  is  seen  in 
*  Palnoz.  Fo88.  Cambr.  pL  lA.  fig.  4.  f  Ibid,  pi.  lA.  fig.  3. 
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greater  abundance  than  any  other  which  occurs  among  the  sandstones 
at  Barlae.  It  is  usually  found  in  the  form  of  long,  rounded,  straight, 
or  slightly-curved  bodies,  of  which  the  latter  portion  of  the  generic 
term  well  expresses  the  appearance.  Sometimes  individuds  are 
found  which  naye  the  aspect  of  haying  been  subjected  to  sudden 
force,  presenting  themselyes  sharply  bent  at  a  right,  or  eyen  an  acute 
angle,  showing  that  their  succulent  tissues  mid  been  injured  by 
breaking.  This  form  has  a  great  resemblance  to  SeoUthus  linearis. 
Hall,  from  the  Potsdam  sandstone,  where  it  occurs  in  a  straight 
state.  The  American  fucoid*  is,  however,  found  traversing  the 
rock  in  a  perpendicular  direction,  while  the  Scotch  Palaochorda 
major  is  met  with  scattered  horizontally  over  the  faces  of  the  strata. 
M'Goy's  specimens  are  from  Kirkfell,  near  Scawgill. 

4.  PaubochordaT  teres,  nov.  sp.  This  spedes  ^it  belongs 
to  the  genus  Palaoekorda),  may  be  recognized  by  the  gradual  taper- 
ing of  me  stems,  which  are  much  broader  at  what  appears  to  be  the 
base  than  at  the  opposite  end.  The  length  is  also  much  less  than 
in  P.  major.  But  the  thinning  of  this  form  is  its  most  distingnishing 
characteristic.  In  one  of  the  specimens  the  apparent  base  is  -^ths 
of  an  inch  across,  while  the  opposite  extremity  is  only  y^^th ;  the 
whole  length  of  the  specimen,  as  it  now  appears,  being  only  about 
3  inches. 

This  species,  which  appears  to  have  been  well  rounded,  seems  to 
have  been  much  shorter  tnan  the  other  forms  of  the  PaUeochorda 
which  make  their  appearance  in  the  Lower  Silurians  of  Great  Bri- 
tain. 

Locality. — Associated  with  P.  major  and  other  fossils  in  the  hard 
shales  and  sandstone  beds  of  Barlae. 

5.  TRiCHoiDEsf  AMBiGuus,  uov.  gcu.  ct  spcc.  Thcsc  Speci- 
mens, the  nature  of  which  is  uncertain,  consist  of  hair-like  bodies, 
generally  straight,  but  sometimes  having  a  slight  curve.  They 
occur  scattered  over  the  faces  of  some  of  the  beds  in  an  irregular 
manner.  They  sometimes,  however,  seem  to  be  collected  in  groups, 
the  hair-like  forms  having  an  arrangement  approaching  to  imperfect 
radiation.  Some  of  the  scattered  portions  nave  the  aspect  of  bifur- 
cation; but  this,  perhaps,  may  be  owing  to  two  individuals  coining  in 
contact  with  eadi  other.  When  magnified,  the  surface  seems  to  have 
a  serrated  aroect,  somewhat  resembling  the  serratures  which  mark 
Graptolites  of  the  genus  Diplograjmis,  but  much  more  minute.  The 
length  of  the  hair-like  bodies  is  irregular;  sometimes  they  exceed 
an  inch,  and  at  other  times  they  are  mudi  less,  having  a  broken 
aspect.  Whether  these  bodies  be  Fucoids,  or  Zoophytes  allied  to 
Oraptolites,  is  at  present  dilHcult  to  bbj.  Their  apparent  branching 
and  the  serratures  which  occur  on  their  side,  woma  lead  to  the  con- 
clusion that  they  belong  to  the  latter ;  and  ^e  late  Prof.  £.  Forbes, 

*  Regarded  by  Mr.  W.  E.  Logan  as  the  cylindrical  casts  of  vertical  Wonn-holea. 
See  Qoart.  Journ.  Geol.  Soc.  vol.  viii.  p.  200. 
t  From  Gr.  rpixoeiii^tt  hair-like. 
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from  a  slight  examination  of  them,  was  disposed  to  regard  them  as 
having  some  aiEnity  to  Oldhamia,  Whatever  may  have  been  their 
nature,  they  must  have  existed  in  great  quantities  in  this  locality 
during  the  deposition  of  the  muds  and  fine  sands  which  now  form 
the  shales  ana  sandstones  of  this  portion  of  the  Lower  Silurians, 
since  they  are  found  in  considerable  abundance  on  the  surfaces  of  the 
strata  in  Barlae  Quarry. 

2k)ophyte8, 

1.  Rastrites  Barrandi,  nov.  sp.     Axis  apparently  spirally 
curved;  narrower  than  the  cells.     Cells  arranged  on  the  convex 
margin,  at  the  distance  of  about  -^th  of  an  inch  from  each  other 
shghtly  curved ;  and,  when  perfect,  more  than  ^  of  an  inch  long 
narrowest  at  the  base.    The  cells  show  traces  of  tubular  structure, 
the  result  of  a  collapsing  of  their  walls. 

This  form  is  very  distinct  from  the  other  species  of  Rastrites, 
being  well  marked  by  the  great  length  of  the  cells. 

Locality. — Occurs  in  the  black  shale  immediately  underlying  the 
anthracite  in  Glenkiln  Bum,  Dumfriesshire.  Also  found,  though 
rare,  in  the  black  slates  of  Cairn  Ryan,  Wigtonshire. 

2.  Protovirgularia  dichotom a,  M'Coy  ?  *  Among  the  fos- 
sils which  occur  at  Barlae  is  a  zoophyte  which  appears  to  be  nearly 
allied  to  the  Protovirgularia  dichotoma  of  M'Coy.  In  some  respects, 
however,  it  differs  from  the  species  alluded  to.  The  portions  which 
have  been  found  at  Barlae  do  not  present  the  dichotomous  branching 
of  McCoy's  species,  nor  indeed  any  branching  at  all,  although  the 
length  exceeds  the  specimens  of  his  P.  dichotoma,  which  show  several 
branchings.  Probably  this  form  from  Barlae  may  be  a  new  species, 
devoid  of  branching  altogether,  or  having  its  branches  remote  from 
each  other.  The  portions  supporting  the  cells  have  the  arrangement 
which  prevails  in  this  genus. 

Locality. — Found  very  sparingly  on  the  surfaces  of  the  shales  at 
Barlae. 

Annelides. 

1 .  Crossopodia  Scotica,  M'Coy  f  •  The  tracks  of  this  Annelid 
occur  in  great  abundance  on  many  of  the  faces  of  the  strata  at  Barlae. 
These  tracks  commonly  appear  in  the  form  of  a  sinuous  hne,  about 
^ths  of  an  inch  broad.  The  original  state  of  the  strata  has  fre- 
quently prevented  the  cirrated  lines,  which  mark  this  species,  from 
being  recognized,  as  these  strata  were,  when  deposited,  very  fine  mud 
in  an  exceedingly  soft  state.  Where  the  mud  has  been  of  a  harder 
nature,  the  cirrated  markings  are  distinctly  visible,  and  they  present 
all  the  characters  of  the  form  referred  to.  M'Coy's  specimens  were 
from  near  Inverleithen. 

•  Palaeoz.  Foss.  Cambr.  p.  10.  pi.  IB.  fig.  11,  12. 
t  Ibid.  p.  130.  pi.  ID.  fig.  15. 
VOL.  XI. — PART  I.  2  K 
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2.  Nereites  MULTiFORis,  nov.  spec.  The  tracks  which  have 
received  this  name  are  seen  on  some  of  the  flaggy  heds  at  Barlae. 
The  most  common  appearance  which  they  present  is  a  double  row  of 
small  pits,  generally  oval  in  form,  and  arranged  alternately.  When 
they  occur  in  their  most  perfect  state,  the  pits  are  larger,  and  have  a 
furrow  between  them.  The  greatest  width  of  the  pits  does  not 
exceed  j^th  of  an  inch .  These  impressions  have  some  affinity  to  those 
%ured  by  Prof.  Hall  (Pal»ont,  of  New  York,  vol.  ii.  p.  14,  2  A  &  t), 
as  tracks  from  the  "  Clinton  group."  In  the  American  specimens, 
however,  the  pits  are  opposite,  instead  of  alternate,  and  the  impres- 
sions are  of  smaller  size. 

Xoca/t/y.— Occurring  on  the  faces  of  the  indurated  shales,  Barlae 
Quarry,  Kirkcudbrightshire. 


2.  Notice  of  the  Occurrence  of  Coal  near  the  Gulf  of  Nicombdia. 
By  D.  Sandison,  Esq.,  H.M.  Consul  at  Brussa.  With  a  Note: 
by  W.  J.  Hamilton,  Esq.,  Pres.  G.S.,  F.R.S. 

[Commanicated  from  the  Foreign  Office  by  order  of  the  Earl  of  Clarendon.] 

[Abstract.] 

Hearing  of  the  existence  of  fossil  coal  in  this  District,  I  lately  sent 
to  a  person  of  some  experience  in  such  matters  to  make  research, 
and  trials,  by  digging  up  a  certain  quantity  where  seams  might  be 
found ;  for  which  purpose  he  was  furnished  with  the  necessary  orders 
from  our  Kaimakam. 

The  result  was,  that  he  met  with  one  or  more  coal-seams  in  the 
Sub-district  of  Bazarkuy,  about  three  hours  distant  from  Ghio,  and 
three  to  four  hours  from  Yallova  in  the  Gulf  of  Nicomedia,  and  sent 
some  horse-loads  to  Ghio,  whence  the  first  report  I  received  was,  that 
the  coal  was  superior  to  that  of  Heraclea*,  and  gave  promise  of  bemg 
serviceable  for  steam-navigation. 

With  respect  to  the  coal  last  received  at  Ghio,  and  taken,  I  be- 
lieve, also  from  the  surface,  the  information  which  has  just  reached 
me  is  not  so  favourable.  There  has  been  no  time,  however  (par- 
ticularly with  the  agitation  prevailing  here  since  the  earthquake 
shocks  commenced),  for  me  to  get  the  coal-bed  in  question,  which 
has  been  reported  as  extending  over  many  miles  of  countiy,  and 
containing  various  sorts  of  coal,  visited  by  y  competent  person 
worthy  of  confidence. 

Some  previous  attempts  have  been  made,  seven  to  five  years  ago, 
to  extract  coals  from  seams  belon^ng  to  the  same  bed,  but  were 
not  followed  up,  either  from  the  coals  proving  worthless,  or  on 
account  of  the  expense  of  land-carriage  to  the  sea-side,  and  subse- 
quent transport  to  the  capital,  coming  too  high  to  answer  at  the 
low  rate  then  paid  for  coals  from  Englwd. 

Bnusa,  March  7, 1855. 

[*  For  notices  of  the  Coal  of  Heradea  see  Capt.  Spratt's  Note,  New  Edinbmigfa 
PhiL  Joom.  1855,  No.  1.  p.  172 ;  and  Annales  des  Mines,  5  Ser.  vol.  vi.] 
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Note  by  W.  J.  Hamilton,  Esq.,  President  of  the  Society. 

Notwithstanding  the  small  amount  of  infonnation  contained  in 
this  communication,  it  becomes  of  great  importance,  when  taken  in 
connexion  with  the  well-known  coal-field  of  Heraclea.  If  we  draw 
a  line,  N.£.  and  S.W.,  from  Heraclea  to  the  head  of  the  Gulf 
of  Nicomedia,  all  the  hitherto  known  Devonian  and  Palaeozoic  for- 
mations of  this  part  of  Asia  Minor  will  be  found  on  the  N.W.  side 
of  this  line,  whereas  the  greatly-developed  systems  of  Cretaceous 
and  other  rocks  extend  on  the  E.  and  S.£.  of  thjs  line.  A  consider- 
able development  of  the  Carboniferous  formation  may  therefore  be 
looked  for  m  the  direction  between  Heraclea  and  the  Gulf  of  Nico- 
media, with  great  probabiUty  of  finding  other  valuable  coal-fields  in 
the  intervening  district. 

[W.  J.  H.] 


3.  On  the  Physical  Geography  and  Pleistocene  Phenomena 
of  the  CoTTBSWOLD  Hills.  By  Edward  Hull,  Esq.,  A.B., 
F.G.S. 

contbmts. 
Physical  Gioorapht. 
Intiodactioii :  Physical  features. 

Causes  wUch  have  contributed  to  the  preservation  of  the  Oatlien. 
Causes  which  have  contributed  to  the  preservation  of  the  Headlands,  and 

the  formation  of  the  Valleys. 
Valleys  of  domes  or  qnaquaversals. 
Valleys  in  lines  of  dislocations. 
Meteoric  phasnomena,  and  the  formation  of  the  Tabular  Platforms  of 

MarUtone. 
Fautts. 
Diluvial  and  Ebbatic  PHiBMOMiNA. 
Ancient  Sea-beach. 
Fluviatile,  Estuarine,  and  Marine  deposits  (of  Murchison,  Buckmaui  and 

iStrickland). 
Warp-drift. 

Estuarine  deposits  on  the  North  and  East. 
Northern  Drift. 
Condusions. 
Appendix :  Analyses  of  Soils. 

Introduction, — Physical  features, — ^The  area  embraced  under  the 
following  observations  is  nearly  included  vnthin  the  limits  of  Sbeet  44 
of  the  Ordnance  Survey,  from  its  eastern  termination  to  the  banks 
of  the  Severn. 

The  most  marked  physical  feature  of  the  district  is  the  escarp- 
ment of  the  Inferior  Oolite.  Commencing  at  the  south-west,  in  the 
neighbourhood  of  Painswick,  it  ranges  towards  the  north-east  in  a 
line  often  broken  into  by  valleys  or  headlands,  until  it  terminates  in 
a  bold  promontory  at  Ebrington  Hill ;  whence,  ranging  south,  and 
passing  by  Stow-on-thcrWold,  it  reaches  the  village  of  Shipton,  its 
most  southerly  limit.  (See  Map,  fig.  1.)  This  feature  has  now  lost 
the  character  of  an  escarpment,  and  is  merely  a  long  sloping  ridge, 
the  higher  portion  of  which  consists  of  Great  OoUte,  the  inferior 
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strata  having  become  extremely  degraded  in  their  extension  eastward. 
From  this  point,  the  ridge  commences  to  curve  round  towards  the 
north-east ;  thence  continuing  its  course  into  Northamptonshire. 

Included  within  the  bounds  of  these  escarpments  is  an  elevated 
table-land,  intersected  by  numerous  long  and  narrow  valleys,  gene- 
rally highly  picturesque.  The  course  of  the  greater  number  of  these 
valleys  is  towards  the  south  and  south-east,  being  at  right  angles  to 
the  watershed ;  but  this  is  often  modified  by  causes  to  which  I  shall 
hereafter  refer.  The  highest  elevation  is  at  Cleve  Cloud,  above  Chel- 
tenham, where  the  Inferior  Oolite  attains  a  height  of  1081  feet  above 
the  sea  *.  » 

The  flanks  of  the  escarpment  are  composed  of  Upper  Lias  and 
Marlstone, — the  latter  often  forming  tabular  promontories;  and 
from  their  base,  the  slightly  undulating  plains  of  the  Lower  Lias 
stretch  away  to  the  banks  of  the  Severn,  and  overspread  the  Vale  of 
Moreton-on-the-Marsh.     See  fig.  2,  p.  480. 

Scattered  at  intervals  over  the  Gloucester  plain  are  several  out- 
liers of  the  higher  formations,  forming  isolated  hills,  which  when 
viewed  from  a  commanding  position  call  forcibly  to  the  imagina- 
tion a  state  of  physical  conditions  formerly  in  existence, — when  an 
arm  of  the  sea  overspread  the  plains,  bathmg  on  the  east  the  flanks 
of  the  Cotteswolds,  and  on  the  west  those  of  the  Malvern  and  May 
Hills,  and  from  the  level  of  which  the  present  outstanding  hills 
arose  in  the  form  of  islands. 

On  viewing  these  outliers,  the  question  which  naturally  suggests 
itself  is  this — ^Why  have  these  isolated  portions  been  preserved, 
while  the  contemporaneous  strata  all  around  have  been  swept  away  ? 
I  shall  now  attempt  its  solution. 

Causes  which  have  contributed  to  the  preservation  of  the  Out- 
liers,— Breedon  Hill  is  the  most  remarkable  outlier  in  our  district, 
both  on  account  of  its  extent,  and  the  distance  by  which  it  is  sepa- 
rated from  the  main  mass  of  its  contemporaneous  formations.  The 
form  of  the  hill  is  oval ;  the  major  diameter  being  nearly  east  and 
west.  Along  the  north  side  numerous  tabulated  promontories  of 
Marlstone  run  out  into  the  Lias  plain.  These  are  surmounted  by 
the  Upper  Lias,  and  finally  by  the  Inferior  Oolite.  Along  the  south 
side  an  east  and  west  fault  extends,  the  discovery  of  which  is  due  to 
Mr.  H.  Howell  of  the  Geological  Survey.  By  this  fault  the  Oolit^ 
with  its  subjacent  beds,  is  thrown  down  on  the  north  side  against 
the  Lower  Lias  of  the  plain.  (See  fig.  3,  p.  480.)  This  fault  satisfac- 
torily accounts  for  the  preservation  of  this  extensive  outlier.  By  its 
means,  the  level  of  the  country  on  the  north  side  has  been  consider- 
ably lowered,  and  consequently  rendered  less  exposed  to  the  denuding 
agency  of  the  ancient  sea. 

South  of  Breedon  Hill,  and  intervening  between  it  and  the  Cottes- 
wold  escarpment,  are  five  additional  outliers.   Two  of  them,  Oxenton 

•  Proceedings  of  the  Cotteswold  Naturalista'  Club,  1850.  In  this  paper,  by 
W.  H.  Hyett,  Esq.,  F.R.S.,  the  altitudes  of  many  places  and  objects  in  the  district 
are  given. 
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and  Stanley  HilLs,  are  capped  by  Oolite.  The  highest  fonnation  on 
Dumbleton  is  Upper  Lias ;  and  Dixon  and  Taddington  Hills  are 
composed  of  Manstone.  The  strata  of  Dumbleton  and  Ozenton 
Hills  are  affected  by  faults  which  have  doubtless  contributed  to 
their  preservation.  The  strata  of  the  remaining  outUers,  however, 
are  not  apparently  faulted,  and  the  immediate  cause  of  their  stability 
appears  to  have  arisen  from  the  protection  which  was  afforded 
them  by  the  relative  position  of  Breedon  Hill. 

The  position  of  this  principal  outlier,  with  reference  to  the  others, 
and  to  the  headland  which  terminates  in  Netting  Hill,  is  nearly 
N.N.W. ;  and  on  each  side,  where  no  protection  from  the  north 
appears  to  have  been  afforded,  the  ancient  sea  has  made  a  clean 
breach,  having  excavated  the  Valley  of  Winchcomb  on  the  east,  and 
denuded  the  Yale  of  Gloucester  on  the  west ;  it  therefore  appears 
that  Breedon  Hill  has  acted  the  part  of  a  breakwater  to  the  area 
south  of  it,  moderating  the  action  of  the  sea  along  that  line  of 
country,  from  which  circumstance,  in  conjunction  with  several  others 
hereafter  to  be  noticed,  it  may  be  inferred  that  the  destructive  action 
of  the  sea,  whether  in  the  form  of  northerly  currents  or  as  breakers 
impelled  by  violent  winds,  has  acted  with  greatest  energy  from  the 
north  or  north-west  directions. 

Two  other  outliers  known  as  Churchdown  and  Bobinswood  Hills 
occur  at  the  south-west  extremity  of  our  District.  Churchdown  is 
unprotected  from  the  north,  and  therefore  its  preservation  cannot  be 
accounted  for  on  physical  grounds  similar  to  those  stated  above. 
That  it  has  been  preserved,  while  the  strata  which  once  surrounded 
it  have  been  swept  away,  is  to  be  accounted  for  from  the  fact  of  the 
thickness  of  the  Marlstone  capping  its  summit,  and  the  degree  of 
hardness  which  this  rock  has  attained.  In  that  locality  it  was  pro- 
bably stronger  than  anywhere  around,  and  hence  it  has  resisted 
more  successfully  the  action  of  the  sea.  The  thickness  of  the  rock- 
bed  at  Churchdown  is  10  ft.  4  in.* ;  and  some  of  the  bands  are  very 
hard ;  and,  as  far  as  I  have  been  able  to  observe,  there  is  no  place 
along  the  flank  of  the  escarpment  near  Cheltenham  where  it  is  of 
equiu  thickness  or  strength;  hence  in  that  neighbourhood  Marl- 
stone  platforms  are  both  few  and  of  small  extent.  The  develop- 
ment of  the  Marlstone  rock  may  therefore  be  considered  as  fully 
sufficient  to  have  maintained  the  outlier ;  and  Bobinswood  HiU  may 
have  remained  standing  from  a  similar  cause,  combined  with  the 
protection  afforded  by  me  Churchdown  outlier. 

Causes  which  have  contributed  to  the  preservation  of  the  Head- 
lands^  and  the  formation  of  the  Valleys. — On  viewing  the  Ordnance 
Map,  it  will  be  observed,  that  the  majority  of  the  headlands  project 
in  a  northerly  direction.  (See  fig.  1.)  The  elevated  plateau  between 
the  Vales  of  the  Severn  and  of  Moreton-on-the-Marsh  is  itself  an 
extensive  headland,  which  (as  I  shall  presently  endeavour  to  prove) 
formerly  stood  forth  unsubmerged  by  the  waters  which  deposited 

*  See  '  MurchisoD's  Geology  of  Cheltenham/  edited  by  Me&srs.  Buckman  and 
Strickland,  p.  39. 
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the  Estuarine  Drifts.  I  shall  now  endeayour  to  advance  reasons 
sufficient  to  account  for  the  follo^nng  facts : — 1st.  Whj  this  penin- 
sula»  terminating  in  Ebrington  Hill,  has  been  preserved,  while  the 
contemporaneous  strata  which  once  overspread  the  Yale  of  Moreton 
have  been  swept  away;  and,  2nd.  Why  this,  together  with  the 
majority  of  the  headlands  of  the  Cotteswold  Hills,  project  in  a 
northerly  direction. 

I  believe  there  is  evidence  to  prove  that  the  principal  headlands 
are  in  lines  of  gentle  synclinals;  while  the  lateral  valleys  which 
bound  them  run  in  the  directions  of  anticlinal  axes,  or  have  a  qua- 
quaversal  arrangement  of  the  strata.  When  a  series  of  oomparatively 
hard  and  indestructible  beds  rest  upon  a  much  thidcer  series  of  strata 
of  an  opposite  character,  and  preserve  an  approximate  horizontality, 
it  is  evident  that,  when  a  slight  elevation  or  anticlinal  arrangement 
of  the  beds  has  been  produced  alone  a  line  of  country,  the  axis  will 
create  a  line  of  least  resistance,  and  mat  a  valley  will  be  formed  when 
the  area  is  subjected  to  the  action  of  the  sea ;  and  conversely,  that  a 
corresponding  synclinal  axis  will  produce  a  line  of  greatest  resistance, 
tending  to  the  formation  of  a  headland  under  the  same  circumstances. 
Under  such  conditions  do  the  headland  of  Ebrington  Hill  and  the 
Vale  of  Moreton  appear  to  have  originated. 

The  strata  of  the  Cotteswold  Hills  are,  in  general,  except  when  in 
proximity  to  lines  of  fault,  so  nearly  horizontal,  that  the  existence  of 
a  dip  must  often  be  proved  rather  by  a  process  of  reasoning  than  by 
actual  observation  of  the  bedding,  as  seen  in  natural  sections  and 
quarries.  Now,  it  is  well  known,  that  in  cases  of  escarpments  the 
ledges  range  parallel  to  the  strike  of  the  rocks,  and  consequently  that 
the  flanks  have  an  aspect  in  an  opposite  direction  to  the  dip  of  the 
beds.  Hence  we  conclude  from  analogy  that  the  flanks  of  the  pen- 
insula of  Ehrington  Hill  dip  towards  the  centre ; — along  which  there 
must  therefore  be  a  synchnal  axis.  In  the  present  instance,  how- 
ever, we  are  not  driven  to  deduce  the  existence  of  a  synclinal  alto- 
gether from  analogical  inference.  Along  the  eastern  escarpment 
there  is  decided  evidence  of  a  westerly  dip,  because  the  lower  beds 
of  the  Oolite  occupy  a  higher  level  along  the  ridge  than  they  do  in 
the  centre  of  the  area  to  the  westward ;  and  the  same  pheenomena 
are  generaUy  observable  with  regard  to  the  beds  along  the  opposite 
side  of  the  peninsula. 

If  it  be  allowed  that  a  synclinal  axis  exists  along  the  peninsula 
of  Ebrington  Hill,  it  follows,  almost  necessarily,  that  an  anticlinal 
traverses  longitudinally  the  Vale  of  Moreton.  (See  fig.  3.)  I  have 
not  had  the  opportunity  of  examining  the  oolitic  ridge  which  bounds 
the  vale  along  the  eastern  side,  but  we  may  safely  conclude  that 
a  slight  dip  to  the  eastward  is  maintained  along  its  flank.  As  the 
vale  is  some  ten  miles  in  width  at  its  widest  part,  a  dip  in  opposite 
directions  of  one  degree  would  elevate  the  beds  about  500  feet  * 
in  the  centre  of  the  vale  above  their  present  position  along  the 
flanks ;  and  the  base  of  the  Oolite  would  be  placed  at  an  elevation 

*  Let  0 spangle  of  inclination ^1°;  r = radius » 5  miles  or  8800  yds.;  and  t^ 
answer.    Then  *  «  (log  r +log  sin  0) — log  cos  &=  153*6  yds.  or  460"8  ft.  (nearly). 
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of  about  900  feet  above  the  present  centre  of  the  vale.  On  the  sup- 
position that  this  was  the  position  the  beds  formerly  occupied,  their 
subsequent  destruction  is  sufficiently  accounted  for  upon  the  prin- 
ciples already  enunciated. 

The  headland  which  terminates  in  Nottmg  Hill,  west  of  Wmch- 
comb,  has  probably  ori|^nated  in  the  combination  of  a  synclinal  ar- 
rangement of  the  strata  with  the  protection  afforded  by  the  outHers 
which  acted  as  breakwaters  against  the  force  of  the  Glacial  Sea 
driying  from  the  north. 

The  Valley  of  Bourton-on-the- Water  appears  to  have  originated 
in  the  existence  of  an  anticlinal  traversing  its  centre  from  north  to 
south.  Along  the  western  flank,  at  Clapton,  the  Oolite  has  a  very 
decided  dip  to  the  westward  of  4°  or  5^.  On  the  eastern  side,  the 
dip  is  perceptible  in  a  quarry  of  Oolite,  and  is  about  3^  east. 

The  headland  on  the  eastern  flank  of  the  Bourton  Valley  has  pro- 
bably been  preserved  rather  by  the  position  which  the  high  ground 
of  Stow-on-the-Wold  occupies  with  regard  to  it,  than  from  the 
strengthening  effect  of  a  synclinal ;  thoueh  it  is  not  improbable  that 
the  beds  of  which  it  is  formed  possess  m  addition  a  synclinal  ar- 
rangement. 

'Hie  Vale  of  Winchcomb  also  appears  to  present  an  instance  of  an 
anticlinal  valley  ;  for,  while  engaged  in  tracing  geological  boundaries 
along  its  western  side,  I  could  not  but  observe  a  decided  inclination 
of  the  beds  towards  the  south-west. 

It  therefore  appears  that,  though  the  strata  of  the  Cotteswold 
Hills  and  the  valleys  by  which  they  are  surrounded  have  a  general 
dip  towards  the  south,  yet  the  district  is  traversed  by  a  series  of 
gentle  roUs,  with  north  and  south  axes,  and  that  the  anticlinals  have 
produced  lines  of  weakness,  originating  valleys  ;  and  the  synclinals 
Unes  of  strength,  originating  headlands. 

Valleys  of  Domes  or  Quaguaversals, — Besides  the  valleys  I  have 
already  referred  to,  there  is  another  class  which  appear  to  have 
resulted  in  quaquaversal  or  dome-shaped  arrangements  of  the  strata. 
This  arrangement  we  infer  to  exist,  when  we  find  in  a  certain  part  of 
a  valley  much  lower  beds  reaching  the  surface  than  occur  further  up 
or  lower  down ;  and  it  is  evident  that  the  hthological  characters  and 
mutual  arrangement  of  the  rocks  composing  the  district  under  con- 
sideration would,  on  the  occurrence  of  a  quaquaversal,  produce  an 
area  of  weakness  tending  to  the  formation  of  a  valley ;  and  to  these 
weakening  causes  must  be  added  the  probable  production  of  fissures, 
and  slight  faults  occasioned  by  the  swelling  up  of  the  strata. 

The  Valley  of  Painswick  offers  a  good  illustration  of  a  quaqua- 
versal ;  as  also  those  of  Northleach,  Turkdean,  Andoversford,  Tad- 
dington,  Guiting  Power,  and  the  long  narrow  gorges  which  extend 
from  Compoden  Ashes  to  Hinchwick  Farm,  and  from  Kate's  Britton 
to  Tainton. 

As  a  particular  instance,  I  may  mention  the  Vallev  of  Chedworth, 
south  of  Northleach  (figs.  4  &  5).  It  consists  oi  a  longitudinal 
gorge,  widening  in  the  centre,  and  extending  westward  for  a  distance 
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of  one  mile  and  a  half  from  the  valley  of  the  Coin.  At  or  near  its 
entrance,  the  base  of  the  Great  Oolite  (a),  resting  on  the  Fuller^s 
Earth  (b),  nearly  reaches  the  bed  of  the  brook.   As  we  ascend  towards 

Rg.  4 Chedworth  Valley. 

(Section  at  the  entrance.) 


■r=F^ 


b --  - .^^w^       v^-  -       ---ft 

Levdol  Brook. 

the  village,  lower  beds  snocessivelv  arrive  at  the  surface ;  until  after 
passing  over  about  30  feet  of  Fuller's  Earth,  we  reach  the  Inferior 
Oolite  (e).    At  the  village,  about  50  feet  of  this  formation  compose 

Fig.  5.— Chedworth  FaUey. 
(Section  tbrongh  the  centre.) 


Level  of  Brook, 
a.  Great  Oolite.       b.  Fuller's  Earth.        e.  Inferior  Oolite. 

the  banks  of  the  brook ;  whence  continuing  our  course,  we  meet  with 
higher  beds,  until  at  the  top  of  the  gorge  we  again  reach  the  Great 
Oolite.  It  is  therefore  evident  that  in  the  centre  there  exists  a 
dome-shaped  structure  of  the  strata ;  the  brook  forming  a  datum- 
line  .slightly  inclined. 

Valleys  in  lines  of  dislocation. — ^A  third  class  of  valleys  are  those 
which  have  ori^nated  in,  or  the  directions  of  which  have  been  locally 
marked  out  by,  lines  of  fault.  In  this  place  it  would  be  superfluous 
to  describe  the  manner  of  the  formation  of  such  valleys.  It  will  be 
sufficient  to  enumerate  several  localities  where  they  occur.  They 
are  as  follows : — Cranham,  west  of  Painswick  Hill ;  rainswick  Slade, 
Cubberley,  Winston  Wood,  Eyeford,  Hawling  Lodge  near  Naunton, 
and  Burrord.  When  no  valley  occurs  along  a  line  of  fault,  a  feature 
is  generally  present,  formed  of  a  ridge  of  me  harder  beds  along  the 
upcast  side. 

There  is  a  fourth  kind  of  valley,  represented  by  a  few  narrow 
ravines,  especially  in  the  districts  occupied  by  the  Great  OoUte,  the 
origin  of  which  cannot  be  referred  to  any  of  the  above  causes.  Some 
of  these  contain  brooks  which  are  dry  throughout  the  ereater  part 
of  the  year,  and  are  too  insignificant  to  be  supposed  capable  of  having 
excavated  any  portions  of  the  gorges  through  which  they  run.  The 
formation  of  these,  and  indeed  all  the  valleys  of  the  Cotteswold  Hills, 
must  be  considered  as  entirely  due  to  marine  agency  acting  at  several 
successive  periods ;  the  most  ancient  dating,  perhaps,  as  far  back  as 
the  period  of  the  upheaval  of  the  Chalk,  when  about  to  form  basins 


Digitized  by 


Google 


1855.] 


HULL  ON  THB  COTTESWOLDS. 


485 


for  the  Tertiary  formations ;  and  at  a  certain  period  of  the  Gladal 
Epoch  the  appearance  of  the  country  must  hare  been  quite  unique, 
when  these  long  sea-reaches,  like  so  many  canals,  extended  for  miles 
into  the  heart  of  a  country  which  was  itself  unsubmerged.  Some  of 
these  ravines  appear  to  be  very  similar  to  the  Valley  of  Yedmandale 
in  Yorkshire,  described  by  Mr.  Sorby  in  the  Journal  of  the  Society*. 

Meteoric  Phanomena,  and  the  Tabular  Platforma  of  Marlstone, — 
It  is  seldom  that  an  arrangement  of  the  rocks  occurs  which  tends 
to  throw  light  upon  the  meteoric  influences  of  former  ages.  There 
are,  however,  some  physical  features  in  the  district  under  considera- 
tion of  so  uniform  a  character,  that  we  can  scarcely  suppose  them  to 
be  accidental;  and  I  submit,  though  with  considerable  diffidence, 
that  they  appear  to  throw  light  upon  these  subjects ;  that,  in  fact, 
the  directions  and  magnitudes  of  tne  tabular  Marlstone  areas  afford 
evidence  that,  at  the  period  when  they  were  in  course  of  formation, 
winds  from  the  north  and  west  were  the  most  prevalent  or  powerfol. 

The  tendency  which  the  Marlstone  has  of  forming  platforms  is,  as 
described  in  the  '  Geology  of  Cheltenham  f,'  ''  due  to  its  being  im- 
mediately overlaid  by  the  shales  of  the  Upper  Lias,  which  from  their 
softness  have  undergone  a  greater  amount  of  denudation,  leaving  the 
hard  stratum  of  marlstone  projecting  from  the  sides  or  capping  their 
summits." 

Such  being  the  case,  it  follows  that  the  more  rapid  the  denudation, 
and  consequently  the  more  powerful  the  denuding  agency,  the  larger 
will  be  the  tabular  areas  formed ;  and  that  they  wm  project  in  me 
direction  from  which  the  forces  have  acted  with  greatest  raect. 

I  herewith  present,  in  a  tabulated  form,  several  particulars,  viz. 
the  locality,  direction,  and  length  of  all  the  Marlstone  platforms  of 
the  district,  from  half  a  mile  in  leneth  and  upwards ;  omitting  those 
of  Breedon  Hill,  as  the  fault,  to  which  I  have  already  referred,  has 
prevented  the  formation  of  platforms  on  the  south  side ;  and  con- 
sequently no  comparison  can  be  made  in  this  particular  case. 

Localities^  Directions^  and  Lengths  of  the  Marlstone  Platforms. 


Locality. 

Direction. 

Length. 

Locditj. 

Direction. 

Length. 

Upton  Leonards 

Dowdeswell  

V, 

V. 
V. 

N. 
N. 
W.  M.  NB. 
NNK. 
N. 
B. 
B. 

InmilM. 

» 
i 

i 
» 

ieach. 

1 
1 
* 

Hitoote  Comb    ... 
Goose  HiU  1 

Ebrington  J 

Broad  Campden... 
Aston  Magna 

LitUe  Rissington!. 
Little  Compton ... 
Chastleton 

N. 

8. 

NNB. 

NNB. 

M. 

W. 

w. 

W8W. 
N. 

InmUes. 
i 

f 

4(ne«fly) 

4 

1  (nearly) 

Toddington  Park 

Oxenton 

Dnmbleton  (three) .. 
Winchcomb   

Bnckland  

Chipping  Campdent 
Mickleton  Hill  

Shipton 

*  Quart.  Jonm.  Geol.  Soc.  vol.  x.  p.  328.  f  Second  Edition,  p.  38. 

X  This  platform  was  probably,  formed  by  the  action  of  the  sea  running  through 
the  strait  between  Ebrington  and  Dovers  Hill. 
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In  order  to  present  these  pbaenomena  in  a  more  concise  form,  a 
diagram  (fig.  6)  is  annexed,  by  which  it  will  be  observed  that  tlie 
great  majority  of  the  platforms  have  a  northerly  bearing.    The  out- 


Fig.  6. — Diagram  of  the  Bear- 
ings of  t/ie  Marhtone  Plat- 
forms. 


Fig.  7. — Diagram  of  the  Direc- 
tions and  Numerical  Propor- 
tion of  the  Faults, 


w»-^ 


line  of  the  former  coast  has  of  course,  in  some  measure,  modified 
these  directions ;  occasionally,  perhaps,  counteracting  the  tendency 
of  the  platforms  to  project  northwaros,  especially  along  the  Eastern 
flank.  It  is  sufficiently  evident,  however,  that  there  has  been  a 
greater  tendency  to  the  formation  of  platforms  pointing  northward 
and  westward,  than  to  their  production  in  other  oirections.  Taking 
this  evidence  in  conjunction  with  the  facts,  that  where  a  barrier 
occurs  the  strata  immediately  south  of  it  have  been  less  denuded 
than  where  there  is  none,  and  that  along  the  escarpment  the  Oolitic 
as  well  as  Marlstone  headlands  all  point  more  or  less  towards  the 
north,  the  evidence  appears  conclusive  that  the  andent  sea  has  acted 
with  greater  energy  mm  that  direction ;  and  when  it  is  recollected 
that  at  the  period  in  question  it  extended  ^m  the  Bristol  Channel 
to  the  estuaries  of  the  Mersey  and  Dee*,  the  swell  of  an  ancient 
Atlantic  might  have  been  supposed  to  have  acted  with  greatest  effect 
against  the  Cotteswold  country  from  the  south-west,  had  it  not  been 
surpassed  by  a  more  powerful  aqueous  agency  from  an  opposite 
direction ;  nor  does  it  clearly  appear  why  the  action  in  the  one  case 
should  be  so  much  greater  than  in  the  other,  unless  we  suppose  the 
greater  prevalence  and  force  of  northerly  winds  at  that  period.  The 
supposition  also  ^ains  strength  bv  analogy  with  the  present;  for 
north  and  west  wmds  are  those  which  now  blow  strongest  over  the 
districts  surrounding  the  Cotteswold  Hills. 

Faults, — ^The  lines  of  dislocation  may  be  arraneed  under  two 
systems ;  the  first,  those  which  point  north  and  south ;  the  second, 
those  the  directions  of  which  are  east  and  west.     Of  the  second, 

*  Sir  R.  I.  Mnrchison  was  the  first  to  ^oint  oat  that  the  sea  extended  from  the 
Cotteswolds  on  the  east,  to  May  Hill  and  the  Malvems  on  the  west ;  toniiiig 
Wales  into  an  island.  To  him  also  is  due  the  tenn  "  Ancient  Straits  of  Malvern."' 
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the  great  majority  point  12^  N.  of  W.    There  are  also  ^  few  which 
cannot  be  referred  to  either  of  these  systems. 

As  far  as  the  evidence  goes,  it  tends  to  prove  that  the  north  faults 
are  of  earlier  date  than  those  at  right  angles  to  them,  inasmuch  as 
the  second  are  generally  terminated  by  the  first.  This,  however,  is 
a  point  of  much  uncertainty. 

With  regard  to  numerical  proportion,  the  east  and  west  series 
greatly  exceeds  those  of  other  directions.  They  generally  run  in 
approximately  straight  lines,  and  the  degree  of  parallelism  they  pre- 
serve over  the  entire  area  is  most  remarkable.  When  engaged  in 
mapping  the  geological  formations,  I  was  often  much  assisted  by  the 
knowledge  which  I  soon  acquired  of  the  regularity  in  point  of 
direction  maintained  by  the  majority  of  the  lines  of  dislocation.  The 
opposite  diagram  (fig.  7)  represents  their  directions  and  numerical 
proportions. 

Diluvial  and  Erratic  Phmnomena, 

Ancient  Sea-beach, — ^The  diluvial  deposits  of  the  Vale  of  Glou- 
cester have  already  been  very  fully  illustrated  by  the  labours  of  Sir 
R.  I.  Murchison*,  the  late  Mr.  Strickland f,  and  Prof.  Buckman^. 
To  their  observations  I  have  only  to  add,  that  there  are  appear- 
ances which  indicate  that  an  ancient  sea-beach  formerly  extended 
along  the  base  of  the  cliffs  formed  by  the  Inferior  Oolite.  In  this 
position  there  are  to  be  found  patches  of  oolitic  debris,  in  the  state  of 
a  fine  gravel,  waterwom,  and  stratified  more  or  less  horizontally.  The 
best  section  with  which  I  am  acquainted  is  at  the  base  of  the  cliffs 

Fig.  8. — Section  of  Lechampton  Hill,  showing  the  position  of  the 
Ancient  Sea-beach. 


a.  Cliff  of  the  Inferior  Oolite.  c.  Upper  Lias. 

b.  Inferior  Oolite  sand.  x.  Shingle-beach. 

*  See  '  Geology  of  Cheltenham/  and  *  Silurian  System.' 
t  Communications  to  the  Geological  Society ;  and  '  Geology  of  the  line  along 
the  Gloucester  and  Birmingham  Railway.*  t  *  Ancient  Straits  of  Malvern.' 
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on  Lechampton  Hill,  at  a  height  of  about  700  feet  aboTe  the  level 
of  the  sea.  It  is  represented  in  section  fig.  8,  p.  487.  The  la- 
mination is  nearly  horizontal  except  in  dose  proximity  to  the  diff. 
The  appearance  of  the  gravel  is  decidedly  more  that  of  a  stratified 
deposit  than  of  a  mass  of  tumbled  debris.  If  it  were  of  the  latter 
d^ription,  the  fragments,  instead  of  assuming  an  approximately 
horizontal  arrangement,  would  have  been  strewn  obliquely,  according 
to  the  angle  of  friction.  In  other  localities,  false  bedding  is  preva- 
lent, and  the  apparent  dip  is  occasionally  towards  the  hill.  Vestiges 
of  this  beach  occur  in  the  neighbourhood  of  Pdnswick,  Witoomb 
Wood,  Lyreford  near  Whittington,  at  the  north  end  of  Cleve  Cloud, 
at  Comaetaif  south  of  Winchcomb,  Pains  wick  Valley,  and  at  the 
north  side  of  Hill  House  Park,  near  Nailsworth,  where  the  stratifica- 
tion is  very  decided  from  the  occurrence  of  a  thin  parting  of  day 
imbedded  m  the  gravel,  and  in  which  the  lines  of  stratification  are 
apparent.  Wherever  exoosed,  this  andent  shingle  may  g^eraUy  be 
distinguished  from  tumbled  debris  by  the  fineness  of  grain,  and  its 
evident  stratification. 

This  gravd  is,  probably,  the  remains  of  the  first  of  a  series  of 
Beaches  produced  along  the  flanks  of  the  hiUs  at  the  period  of  the 
first*  rising  of  the  land  from  beneath  the  andent  sea ;  and  has  been 
almost  destroyed  durine  a  subsequent  submergence ;  for  I  do  not 
believe  that  one  elevation  is  sumdent  to  have  produced  all  the 
phsenomena  connected  with  the  diluvium  and  denudation  of  this 
country. 

Fluviatiley  Estuarine,  and  Marine  DepanU. — ^The  renudnii^ 
pleistocene  deposits  of  the  Vale  of  Gloucester  have  been  arranged  by 
the  authors  I  nave  mentioned  under  the  three  following  heads : — 

1.  TheFluviatilel 

2.  The  Estuarine  >  Deposits. 

3.  The  Marine     J 

1st.  The  Fluviatile  comprehends  the  deposits  which  border  the 
Severn  and  Avon,  occupying  the  horizontal  areas  which  often  exteud 
for  considerable  distances  on  either  side.  These  are  the  latest  in 
respect  of  datef. 

2nd.  To  the  Estuarine  deposits  are  referred  certain  fine-grained 
siliceous  sands,  which  occur  in  isolated  patches  over  the  Gloucester 
plain,  and  upon  which  the  lower  portions  of  Cheltenham  are  built. 
These  sands  become  associated  widi,  and  finally  ^ve  place  to,  oolitic 
detritus  as  they  approach  the  base  of  the  Cotteswold  Hills.  The 
Estuarine  is,  I  beheve,  the  mammaliferous  depository  of  the  district ; 
and  I  shall  presently  describe  certain  beds  in  the  Vale  of  Moreton, 
which  I  consider  to  be  contemporaneous. 

I  am  informed  by  my  friend  Dr.  Wright  of  Cheltenham,  that  "in 
cutting  the  Cheltenham  sewer  bones  and  horns  of  the  fossil  Ox 

*  Farther  on  it  u  shown  that  the  valleys  were  formed  prior  to  the  deposition 
of  the  n(»thern  drifts  which  has  been  deposited  during  a  second  submergence, 
t  See  *  Silurian  System.' 
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(Bo8  prindgemus)  and  a  large  human  lower  jaw  were  found  in  drift- 
gravel  beneath  12^  feet  of  undisturbed  drift-clay, — a  fact  which 
shows  that  our  Yale  has  been  much  changed  since  man  has  lived  in 
these  parts.  The  specimens  are  in  good  preservation,  and  are  now 
in  the  Museum  of  the  Philosophical  Institution." 

Were  these  statements  made  by  a  less  accurate  observer  than  Dr. 
Wright,  I  should  be  veiy  sceptical  concerning  their  accuracy.  From 
the  depth  at  which  the  human  jaw  occurred,  we  cannot  suppose  that 
the  inoividual  of  whom  it  formed  part  was  buried  by  his  fellow  man ; 
and  its  occurrence  with  the  remains  of  the  fossil  Ox  appears  to  prove 
that  they  were  contemporaneous.  If  this  *'  undisturbed  drift-clay  " 
be  of  estuarine  formation,  it  would  appear  that  a  much  larger  area  of 
the  plain  of  Gloucester  has  been  submerged  since  Man  hM  been  in- 
troduced than  is  at  present  the  case.  A  subsidence  of  80  feet  would 
submerge  Gloucester  and  Tewkesbury,  and  of  120  feet,  a  consider- 
able portion  of  Cheltenham,  with  the  locality  where  these  remains 
were  found.  There  appears,  therefore,  evidence  in  favour  of  the 
supposition  that  Gloucestershire  has  been  elevated  at  least  120  feet 
during  the  Recent  Period. 

3rd.  The  Marine  deposits  are  of  earlier  date  than  the  last,  and 
include  the  clays,  sands,  and  gravels  referable  to  the  Glacial  Epoch, 
and  commonlv  designated  "  Northern  Drift.** 

This  deposit  attains  a  greater  development  in  a  northern  direction 
towards  Birmingham  and  Shrewsbury.  Associated  therewith  are 
boulders  of  granite  and  other  rocks,  which  decrease  in  size  and  quan- 
tity towards  the  south  ;  thus  proving,  as  has  been  remarked  by  Sir 
R.  Mnrchison,  their  northerly  origin. 

JFarp-Drift.— The  drift  of  the  Vale  of  Moreton  and  the  Cottes- 
wold  Hills  may  be  arranged  into  four  divisions, — ^with  the  addition 
of  the  **  Warp-Drift  "  to  those  alreadv  enumerated.  Its  position  in 
the  series  is  between  the  Fluviatile  and  the  Estuarine  formations. 

The  Warp-Drift  is  a  deposit  of  brown  sandy  loam,  very  variable  in 
thickness,  and  seldom  or  never  exceeding  6  or  8  feet.  It  covers 
the  estuarine  or  fluvio-marine  gravels  in  the  valleys,  and  rises  on  the 
higher  grounds  to  a  height  of  at  least  600  feet.  Though  this  loam 
has  generally  been  considered  a  drift  in  the  usual  sense  of  the  term, 
I  am  by  no  means  certain  that  it  may  not  be  a  soil  derived  from  the 
decomposition  of  the  substrata. 

The  following  section  (fig.  9),  taken  in  a  quarry  near  the  Cross- 
hands  Inn,  east  of  Adlestrop,  represents  the  Warp-Drift  resting  on 
Great  Oolite,  which  is  very  mucn  disturbed  and  broken,  as  is  gene- 
rally the  case  over  the  district.  I  have  estimated  the  position  of  this 
quarry  to  be  between  600  and  700  feet  above  the  sea. 

Over  the  western  portion  of  our  district,  where  the  Northern  Drift 
has  never  been  spread,  a  superficial  covering  of  brown  loam,  seldom 
more  than  one  foot  in  depth,  may  generally  be  found,  reaching  posi- 
tions of  about  1000  feet  elevation.  Whether  this  loam,  which  forms 
the  only  soil  in  such  localities,  is  to  be  referred  to  the  Warp-Drift, 
or  to  the  decomposition  of  the  local  formations,  I  am  not  prepared 
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to  sa^.   There  are,  however,  indications  tending  to  throw  the  halance 
of  evidence  on  the  side  of  the  latter  supposition,  and  this  view  is  in 

Fig.  9. — Section  of  the  Warp-Drift,  resting  on  Great  Oolite,  at 
Compton  Hill. 


a,  Warp-Drift ;  of  brown  loam,  varying  in  thickness  from  1  to  4  feet ;  and  cx>n. 

taining  a  few  pebbles  probably  derived  from  Northern  Drift. 

b.  Thin-bedded  sandy  oolite ;  forming  lower  portion  of  the  Great  Oolite  forma- 

tion. 

accordance  with  the  fact,  that  the  soils  vary  rapidly  in  composition 
and  appearance  upon  every  change  in  the  substratum. 

Dr.  Voelcker  has  also  arrived  at  the  same  conclusion,  founded 
upon  analyses  of  the  soils  taken  from  several  formations  in  the  neigh- 
bourhood of  Cirencester.  Some  of  the  results  he  has  kindly  placed 
at  my  disposal,  and  they  will  be  found  appended  to  this  paper. 

Estuarine  Deposits, — The  estuarine  strata  of  the  valleys  which 
surround  the  hilly  district  on  the  north  and  east  sides  may  be  di- 
stinguished from  those  of  the  Northern  Drift  by  the  predominance  of 
detritus  derived  from  the  waste  of  local  oolitic  rocks,  either  broken 
up  and  stratified  by  the  action  of  the  estuarine  sea  itself,  or  carried 
down  the  slopes  from  the  higher  grounds  by  brooks.  These  accu- 
mulations occupy  only  the  valleys  and  plains,  but  their  stratification 
cannot  be  referred  to  the  agency  of  the  present  streams. 

Fragments  of  rocks  which  have  been  transported  from  a  distance 
are  generally  to  be  found  scattered  through  the  estuarine  gravels,  but 
their  presence  will  readily  be  accounted  for  when  it  is  recollected  that 
the  greater  portion  of  the  countiy  was  overspread  by  Northern  Drift 
previous  to  the  estuarine  period,  and  from  this  deposit  these  far- 
fetched pebbles  have,  in  all  probabili<T,  been  derived.  Indeed,  there 
is  reason  for  concluding  that  during  this  "  second  stationary"  period 
a  considerable  portion  of  previously  formed  Northern  Drift  was  re- 
stratified,  and  may  in  this  sense  be  considered  estuarine.  Accumu- 
lations referable  to  the  estuarine  period  occur  in  the  Vale  of  Bourton, 
at  Paxford,  and  along  the  valleys  of  the  Evenlode  and  Stroud,  and 
overspreading  the  flat  districts  of  the  Oxford  Clay  to  the  south  of  • 
Cirencester.  In  this  last-mentioned  neighbourhood,  along  with  the 
oolitic  gravel,  chalk-flints  occur,  derived  from  the  waste  of  the  chalk- 
escarpments  to  the  south  and  east.  Everywhere  these  gravels  con- 
tain remains  of  extinct  mammalia,  and  in  Stroud  Valley  they  are  re- 
markably numerous  *. 

*  Some  of  these  remains  are  in  the  possession  of  Mr.  Carpenter,  of  Caincross ; 
and  a  tusk  of  a  fossil  elephant  in  the  Museum  of  the  Royal  Agricultural  College, 
Cirencester,  must  originally  have  measured  about  14  feet  in  length. 


Digitized  by 


Google 


1855.]  HULL  ON  THE  C0TTESW0L08.  491 

About  eight  years  ago,  daring  the  formation  of  the  Oxford,  Wor- 
cester, and  Wolverhampton  Railway,  a  cutting  was  made  through 
gravel,  referable  to  estuarine  origin,  near  the  viUage  of  Ascott.  The 
cutting  is  now  covered  by  grass,  but  the  following  section  (fig.  10) 
is  exposed  in  a  gravel-pit  at  its  extreme  end. 

Fig.  10, — Section  of  the  Estuarine  Beds  at  Ascott,  Oxfordshire. 


}  Ettuarine  Beds. 


a.  Wtrp-Drift ;  soil  passing  downwards  into  brown  sandy  loam,  with  a  few 
pebbles,  and  varying  from  6  inches  to  7  feet. 

B.  Fme  yellow  and  brown  sand. 

C.  Fine  gravel,  composed  principally  of  fragments  of  local  rocks,  but  occasionally 

of  those  of  more  distant  origin,  as  slate,  flint,  and  grits. 
d.  Lower  Lias  Shale,  with  a  bed  of  blue  limestone  charged  with  fossils,  about 
1  foot  thick. 

At  9  feet  from  the  surface  in  the  cutting,  the  skeleton  of  a  large 
mamibal  was  found.  It  was  described  to  me  as  being  about  18  feet 
in  length  without  the  head,  which  was  not  obtained.  From  the 
description  I  received  of  the  tusks,  which  were  curved  and  measured 
9  feet  from  the  tip  to  the  base ;  and,  from  an  inspection  of  two  of 
the  teeth,  I  concluded  the  skeleton  to  have  been  that  of  the  Elephas 
primigenius.  The  navvies  were  continually  digging  up  portions  of 
the  skeleton  for  five  weeks  before  they  were  aware  what  they  had 
found  *. 

In  the  Lias  Clay  beneath  were  the  vertebrfle  of  Ichthyosaurus, 
and  in  the  superficial  gravel,  above  the  skeleton  of  the  Elephant, 
human  remains,  probably  of  very  ancient  date,  were  discovered ;  and 
thus,  in  a  series  of  deposits  of  only  20  feet  in  aggregate  thickness, 
relics  characteristic  of  three  great  epochs  in  the  earth's  history  were 

.  entombed  in  the  order  of  their  relative  ages. 

^  My  endeavours  to  obtain  shells  from  these  eravels  have  been  in- 
effectual ;  but  it  is  probable  they  are  the  equividents  of  the  estuarine 
and  mammaUferous  deposits  of  the  Vale  of  Gloucester  and  the 
Thames  Valley,  and  with  those  lately  described  by  Mr.  Trimmer 
as  occurring  in  the  neighbourhood  of  Peterborough.  According  to 
this  supposition  they  are  to  be  included  in  the  second  stationary,  or 

*  The  greater  portion  of  the  skeleton  is  supposed  to  be  in  the  possession  of 
J.  Taunton,  Esq.,  formerly  Engineer  of  the  line.  Two  teeth  were  shown  to  me 
by  Mr.  Lardner  of  Ascott,  to  whom,  as  also  to  the  Rev.  P.  B.  Lott,  I  am  indebted 
for  information  on  the  subject. 

VOL.  XI. — PART  I.  2  L 
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second  elqphaiitme  period,  intervening  between  the  elevation  of  the 
emtie  tertiarieg,  and  the  distribution  of  the  Warp-Drift  over  their 
denuded  surfaces  *. 

Northern  Drift, — ^This  is  the  most  ancient  pleistocene  formation 
of  the  district,  and  attains  an  elevation  of  between  600  and  700  feet 
above  the  level  of  the  sea  on  the  oolitic  hills  south  of  the  Vale  of 
Moreton.  Deposits  belonging  to  the  Northern  Drift  Series  at 
Mickleton  Hill,  and  Aston  Magna  have  already  been  described  by 
Mr.  G.  £.  Gavey  before  the  Society  f ;  and  the  height  which  they 
attain  at  Mickleton  Hill  is  490  feet ;  and,  as  I  am  ii^ormed  by  Mr. 
Howell,  of  the  Geological  Survey,  that  he  found  no  erratic  pebbles 
on  the  high  oolitic  ground  to  the  N.E.  and  S.W.  of  the  less  elevated 
ridge  through  which  the  Oxford  Railway  passes,  it  would  appear,  as 
Mr.  Gavey  observes,  that ''  the  gravel,  sand,  and  day  (of  Mickleton 
Hill)  formed  the  bed  of  a  channel  communicating  between  Moreton 
and  Evesham  VaUeys,  and  having  Dovers  and  Campden  Hills  on  the 
west,  and  Ebrington  Hill  to  the  east." 

At  Adlestrop  there  is  another  section  in  Northern  Drift,  12  feet 
deep.  It  consists  of  alternating  beds  of  coarse  red  sand,  day,  and 
gravel  composed  of  the  following  kinds  of  rock : — 

Tellow  chalk-flints,  in  great  abundance. 
Rounded  white  and  coloured  quartz. 
Large  pieces  of  gritty  sandstone. 
Fragments  of  slate. 

At  Oddin^n  there  are  several  pits  in  coarse  siliceous  red  sand  and 
gravel,  containing  similar  fragments  of  rock.  Tlie  sand  is  occasionally 
blackened  by  coal-smut. 

A  bed  of  gravel  12  feet  deep,  similar  to  the  last,  occurs  above 
Langley  Mill  near  Ascott,  at  an  elevation  of  about  80  feet  above 
the  Mammaliferous  deposits  which  occupy  the  valley  of  the  Even- 
lode,  and  which  I  have  attempted  to  describe  as  being  of  later  date. 
In  this  and  the  other  gravels  I  searched  carefully  for  shells,  but  with- 
out success. 

The  sands  of  the  Northern  Drift  are  always  coarser  than  those  of 
the  estuarine  period;  and  the  absence  of  granitic  fragments,  so 
abundant  in  the  gravels  of  Salop,  Worcester,  and  Staffordshire,  is 
worthy  of  remark.  Mr.  Howell  informs  me  that  he  has  never  met 
with  any  in  the  Valley  of  Moreton.  I  therefore  consider  that  almost 
all  the  Northern  Drift  of  this  part  of  the  country  has  been  derived 
from  the  debris  of  the  rocks  of  the  Midland  counties.  The  sands 
have  been  apparently  derived  from  the  waste  of  the  New  red  sand- 
stone ;  the  quartzose  pebbles  are  identical  in  appearance  with  those 
which  form  the  conglomerates  of  that  formation;  the  grits  and 
pieces  of  chert  are  doubtless  from  the  Carboniferous  rocks  ;  and  the 
fragments  of  slate  may  have  been  derived  from  the  Atherstone  and 
Chamwood  Forest  rocks.  While  the  oceanic  current  was  spreading 
the  debris  of  Cumberland  and  the  border-counties  of  Scotland  over 

*  Quart.  Joorn.  Geol.  Soc.  vol.  ix.  p.  295 ;  and  vol.  x.  p.  244. 
t  Ibid.  vol.  ix.  p.  29. 
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the  central  districts  of  England,  and  the  debris  of  the  central  di- 
stricts over  the  more  southerly  portions  of  the  country,  another  cur- 
rent appears  to  have  trayelled  westward,  bringing  the  detritus  of  the 
Chalk,  and  mixing  it  with  the  fragments  of  rock  derived  from  North- 
em  sources,  and  thus  occasioning  the  prevalence  of  pieces  of  chalk 
and  chalk-flints  in  the  drift  of  Nottingham,  Leicester,  and  Glouces- 
tershire. 

I  have  to  record  the  occurrence,  near  the  southern  termination  of 
the  Yale  of  Moreton,  of  three  erratic  boulders  at  the  villages  of 
Bowl  and  Frescot,  and  on  the  same  parallel  as  Cheltenham.  They 
are  subangular  blocks  of  Millstone  Grit.  Two  of  them  are  of  a  fine 
variety,  and  the  third  of  a  coarser  grain.  The  siufaoes  are  uneven, 
but  I  did  not  observe  them  to  be  scratched  or  polished ;  these  phee- 
nomena  being  confined  to  blocks  newly  disinterred  from  diluvial  de- 
posits. The  diameter  of  the  largest  is  3  feet,  of  another  2 j-  feet. 
The  transportation  of  these  blocks  can  scarcely  be  referred  to  other 
agency  than  that  of  ice,  and  it  would  therefore  appear  that  bergs 
occasionally  wandered  as  far  south  in  the  Vale  of^  Moreton  as  the 
longitude  of  Cheltenham.  Boulders  have  not  been  found  south  of 
Tewkesbury  in  the  Valley  of  the  Severn. 

The  "  Boulders  of  Marlstone  "  mentioned  by  Mr.  Gavey  as  occur- 
ring at  Mickleton  Hill  cannot  be  considered  as  erratic  boulders  in  the 
sense  in  which  the  term  is  usually  received.  These  blocks  of  marl- 
stone  have  evidentlv  not  been  carried  to  a  distance  from  their  original 
position,  as  the  hisher  portion  of  Mickleton  Bidse  is  composed  of  the 
Marlstone  formation.  It  would,  I  think,  be  ror  the  advantage  of 
geological  description  were  the  term  boulder  confined  to  blocks  of 
rock  which  are  supposed  to  have  been  transported  from  a  distance 
by  the  agency  of  ice. 

The  higher  portions  of  the  Cotteswold  Hills  included  between  the 
Vales  of  Moreton  and  Gloucester  appear  never  to  have  been  over- 
spread by  Northern  Drift.  The  peninsula  which  terminates  in  Ebring- 
ton  Hill,  has  either  been  above  the  level  of  the  glacial  sea  during  the 
deposition  of  the  drift, —  an  improbable  hypothesis, —  or  eh^  its 
scarped  cliffs  have  formed  a  barrier  to  the  transport  of  northern  de- 
tritus. In  crossing  the  district  from  the  western  escarpment  above 
Cheltenham  towards  the  east,  we  meet  with  no  erratic  pebbles  until 
we  arrive  at  Stow-on-the-Wold,  where  in  the  Moreton  Boad,  at  an 
estimated  height  of  500  feet,  we  find  the  following  section : — 

ft.  in. 

1 .  Brown  loam 1  0 

2.  Soft  white  oolitic  sand 0  5 

3.  Pebble  bed ;    containing  rounded  grey  and 

white  quartz,  black  chert,  flints,  and  grits, 

&c 0     2 

4.  Reddish-brown  loam 0     6 

South  of  Stow,  the  western  limit  of  the  Northern  Drift  is  very  well 
defined.  The  line  follows  the  western  flank  of  the  Bourton  Vallev, 
thence  trends  along  the  southern  bank  of  the  Windrush  River,  nearly 
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as  far  as  Burford,  whence  it  strikes  southwards  for  several  miles. 
The  line  then  extends  westward  to  within  a  mile  or  two  south  o{ 
Cirencester, — heing  indicated  hj  the  occurrence  of  quartz-pebhles ; 
and  is  finally  lost  beneath  the  newer  oolitic  gravels  which  I  have 
arranged  under  the  head  of  the  Estuarine  Deposits  (see  Map,  fig.  1, 
p.  479). 

The  drift  has  evidently  been  carried  along  the  Moreton  Valley,  and 
swept  over  the  high  grounds  to  the  south,  which  are  not  only  lower 
than  the  Cotteswold  Hills  to  the  west,  but  also  do  not  present  to  their 
progress  a  precipitous  barrier. 

Transported  fragments  diminish  numerically  the  farther  south  we 
proceed  from  the  Moreton  Valley.  They  have  been  strewn  over 
hills  and  vallevs,  quite  independently  of  the  form  of  the  ground ;  and 
it  is  possible  that  shore-ice  was  to  some  extent  an  agent  in  raising  the 
fragments  from  lower  to  higher  levels,  after  the  manner  describe!  by 
Mr.  Darwin. 

From  the  knowledge  we  now  possess  of  the  nature  and  position 
of  the  estuarine  deposits,  we  have  an  index  to  the  distribution  of  land 
and  sea  over  our  district  during  the  period  of  their  deposition.  This 
ancient  sea  swept  around  the  western  flanks  of  the  Cotteswolds, 
extending  in  the  form  of  long  b^s  and  reaches  far  into  the  inte- 
rior of  the  country.  Ebrin^n  Hill  was  an  island,  separated  from 
the  mainland  by  Mickleton  Strait,  and  the  waters  spread  over  the 
Vale  of  Gloucester  to  the  flanks  of  the  Malverns.  This  was  "  the 
ancient  Strait  of  Malvern,"  and  above  its  waters  the  Islands  of  Bredon, 
Dumbleton,  Oxenton,  Churchdown,  and  Robins  Wood  stood  forth 
unsubmerged*.  The  sea  also  covered  the  Vale  of  Moreton,  the 
eastern  escarpment  forming  a  coast-line,  though  much  less  bold  and 
lofty  than  that  on  the  western  side,  and  thence  extended  southward 
over  the  Oolitic  hills  from  Burford  to  Cirencester,  and  as  far  south 
as  the  escarpment  of  the  Chalk. 

Conelunotis, — It  would  appear  that,  in  order  to  explain  all  the 
phsenomena  of  the  denudation  and  the  post-tertiary  or  pleistocene 
accumulations  of  the  district,  it  is  necessary  to  suppose  the  following 
vertical  movements  of  the  land : — Ajirst  elevation ;  dating,  perhaps, 
as  far  back  as  the  commencement  of  the  Tertiary  epoch,  during  which 
the  more  marked  physical  features  were  produced,  accompanied  with 
an  enormous  destruction  of  Secondary  rocks.  This  was  followed  by 
a  submernotif  which  appears  to  have  been  only  partial,  during  which 
the  Northern  Drift,  with  ice-transported  boulders,  was  spread  over 
the  area  under  water.  Next,  a  second  elevation ;  towards  the  dose 
of  which  the  estuarine  mammaliferous  eravels  were  formed  along  the 
valleys,  and  round  the  flanks  of  the  hills.  During  this  latter  deva- 
tion  the  relative  positions  of  land  and  sea  occurred  which  have  been 
described  above,  the  period  finally  terminating  with  the  introduction 
of  the  present  physical  features  of  the  country  f. 

*  Mr.  Howell  informs  me,  that  he  found  no  drift  on  Bredon  Hill,  nor  did  1 
observe  any  on  the  outliers  between  Bredon  and  the  Oolitic  escarpment, 
t  If  it  can  be  proved  that  the  "  Warp-Drift  "  is  in  reality  a  deposit  of  trans- 
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APPENDIX. 

Compotition  of  Soils  from  the  Cotteswold  Hills.  By  Dr. 
Augustus  Voelcker,  of  the  Royal  Agricultural  College, 
Cireucester. 

No.  1. — ^From  the  College  Farm.     A  heavy  reddish-brown  loam ;  1^  foot  deep ; 
off  Great  Oolite.    (Good  wheat  soil.) 

Water    10  254 

Organic  matter  and  water  of  combination 6*943 

Insoluble  siliceous  matter    37*091 

Soluble  silica  (soluble  in  dilute  caustic  potash) 14*018 

Oudes  of  iron  and  alumina 12*754 

Lime 10*440 

Magnesia   *195 

Potash    -967 

Soda  -309 

Phosphoric  acid    *659 

Sulphuric  acid  '234 

Carbonic  acid  and  loss 6*156 


100000 


No.  2. — Poor  soil ;  6  inches  deep,  resting  on  Great  Oolite.    (Air-dried  state.) 

Organic  matter  and  water  of  combination ••    6*339 

Insoluble  siliceous  matter    28*947 

Oxides  of  iron  and  alumina 9*311 

Carbonate  of  lime « 58*566 

Potash  and  soda    1*032 

Phosphoric  and  Sulphuric  acids  traces 

Magnesia   traces 

100*195 


No.  3. — Soil ;  resting  upon  yellow  clay. 

Moisture 9*26 

Organic  matter  and  water  of  combination    3*17 

Insoluble  silicates    66*47 

Soluble  sUica  1-16 

Oxides  of  iron  and  alumina    15*32 

Carbonate  of  lime  4*12 

Carbonate  of  magnesia  *24 

Alkaline  salts  -22 

Loss -04 

100*00 

ported  detritus,  it  would  be  necessary  to  infer  another  submersion  of  the  land  to  a 
depth  of  700  feet,  in  addition  to  those  mentioned  above ;  but,  as  there  is  strong 
evidence  for  considering  the  "  Warp-Drift "  to  be  merely  the  product  of  decom- 
position, it  would  be  rash  to  infer  a  third  submersion  on  such  grounds  alone. 
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No.  4.— Bloe  clay,  from  the  Forest  Marble.    (This  soQ  is  greatly  improved  by 
top-dressing  with  burnt  day.) 

Moisture  2*37 

Water  of  combination,  and  a  little  organic  matter  ...  5*38 

Carbonate  of  lime   1   c«i„ki^  ;„    f  31*38 

Carbonate  of  magnesia  Lt^^  LS  J  ^'^ 

Oxides  of  iron  and  alumina    I  ^S!o«T   I  ^^'^ 

Potaah-35.   Soda-J8    J     ^^^^^    [  -53 

Magnesia  in  a  state  of  silicate    i                     f  1*52 

Potash  in  a  state  of  silicate    1  Insoluble  in  I  1*29 

Alumina  f  dilute  acid.  1  7*43 

Silica    J                      L  36-16 

100*60 

Remarks  on  the  above  Analyses, — ^Dr.  Yoelcker  is  of  opinion  that 
the  soils  of  the  Cotteswold  Hills  are  the  prodncts  of  the  decompo- 
sition of  the  strata  on  which  thej  rest.  It  may,  however  (snpposmg 
this  hypothesis  true),  appear  surprising  that  there  is  not  a  greater 
amount  of  carbonate  of  mne  in  soils  which  rest  on  limestone  rocks ; 
but  the  fact  is^  that  a  large  proportion  of  this  constituent  is  being 
constantly  dissolved  and  earned  away  into  the  substrata  by  the  in- 
filtration of  rain-water  charged  with  carbonic  acid.  This  theory,  as 
to  the  ori^  of  these  soils,  is  also  in  unison  with  the  observations  of 
Professor  Buckman,  who  has  so  fuUy  illustrated  the  mutual  relations 
subsisting  between  the  soib  and  subsoib,  and  the  changes  in  the  one 
consequent  on  the  changes  in  the  other.  We  may  therefore  consider 
it  as  an  established  fact,  that  the  soils  of  the  Cotteswold  Hills  cannot 
be  considered  as  a  "  Drift,''  derived  from  aqueous  deposition,  but  as 
being  due  solely  to  atmospheric  agency. 


Digitized  by 


Google 


1855.] 


rfMi 


Digitized  by 


Google 


Ifrift  ,mik,Mouldrrs  S^ 
MnmvicTn  kfthrranimaU 

o 

/ 

/ 

.    / 

Ternary. 

pi 

"^.i 

Alununcus  ShaJr^t. 

> 

^^ 

Gnal  <f  I.Ufnt'tAi . 

^ 

/ 

Pevcnhnn. 

1   ° 

Silurian  . 

--..^ 

/ 

OysTaUinr  RccJes. 

""^ 

Digitized  by 


Google 


1855.]  ISBI8TER — NORTH  AMERICA,  ETC.  497 

May  16,  1855. 

£.  H.  Hargrayes,  Esq.  was  elected  a  Fellow. 

The  following  Communications  were  read : — 

1.  On  the  Geology  of  the  Hudson's  Bay  Territories,  and  of 
portions  of  the  Arctic  and  North-Western  Regions  of 
America  ;  mth  a  Coloured  Geoloffical  Map, 

By  A.  K.  IsBiSTER,  M.A.,  M.R.C.P.  &c. 

[platb  ^av.] 

[Contents.] 
IntrodactioiL 

Teiritoriea  East  of  the  Rocky  Mountains. 

Physical  Features ;  and  Range  of  the  Crystalline  rocks. 

Central  Plateau  of  Crystalline  Rocks. 

Silurian  Basin  of  Hudson's  Bay. 

Silurian  Basin  of  Lake  Winipeg. 

Devonian  Formation  of  the  Elk  or  Mackenzie  River. 

Other  Formations  of  the  Mackenzie  River  Basin. 

Silurian  Rocks  of  the  Great  Slave  Lake  and  River. 

Carboniferous  Series. 

Lignite  Formation. 
Elevatory  Movements ;  and  Pleistocene  Deposits. 

Territories  West  of  the  Rocky  Mountains. 

Physical  Features. 

Oregon  Territory  and  Russian  America. 

Fosuls  of  the  Carboniferous  Formation. 

Jurassic  Fossils. 

Tertiary  Fossils. 

Fossils  of  the  Drift. 

Introduction. — In  submitting  to  the  Society  a  Greological  Map 
of  this  extensive  region,  with  a  few  explanatory  remarks,  my  object 
has  been  to  recapitulate  very  concisely  the  yaiious  obsenrations  of 
the  geologists  and  travellers  who  have  explored,  and  of  the  naturalists 
who  have  examined  the  organic  remains  of,  thi&  portion  of  the  Ame- 
rican Continent,  and  to  present  as  completely  as  possible  the  results 
which  have  been  hitherto  attained  in  the  study  of  its  geological  form- 
ations. The  numberless  difficulties  inherent  in  such  an  undertaking, 
embracing  a  range  of  country  so  vast  and  so  difficult  to  explore,  or 
even  to  obtain  access  to,  must  necessarily  render  any  attempt  of  this 
nature  very  imperfect ;  but  I  have  been  induced  to  undertake  it  m 
the  behef  that,  in  the  absence  of  any  general  view  of  the  geological 
structure  of  this  extensive  but  interesting  region,  even  the  most  cur- 
sonr  classification  of  its  formations  might  be  useful  to  those  employed 
in  developing  the  structure  of  the  crust  of  the  earth, — the  more  espe- 
cially as  it  IS  not  probable  that  the  attention  of  practical  geologists 
will  soon  be  directed  to  this  distant  and  almost  inaccessible  field  of 
investigation. 

To  render  the  present  attempt  as  complete  as  the  state  of  our 


Digitized  by 


Google 


498  PROCE8D1N6S  OF  THE  GEOLOGICAL  SOCIETY.      [May  16, 

knowledge  will  admit,  I  have  careftdly  studied  all  the  published 
documents  and  the  geological  collections  relating  to  the  subject  to 
which  I  have  been  able  to  obtain  access.  And  I  have  myself  re- 
sided for  mauy  years  in  various  parts  of  the  territory,  which,  I  may 
add,  I  have  traversed  from  one  extremity  to  the  other, — from  the 
borders  of  the  United  States  to  the  Arctic  Ocean  in  one  direction,  and 
from  the  frontiers  of  Russian  America  to  Hudson's  Bay  in  the  other. 
The  titles  of  the  publications  to  which  I  have  referred  are  indicated 
below,  and  may  be  considered  as  presenting  a  bibliographical  view  of 
what  is  known  of  the  geology  of  this  part  of  America. 

LIST  OF  WORKS  RELATING  TO  THE  GEOLOGY  OF  THE  NORTHERN 
PART  OF  NORTH  AMERICA. 

Norih^Weit  Cont  and  RuuUm  America, 

Geology  of  the  United  States  Exploring  Expedition  under  the  command  of 
Commodore  Wilkes.    By  Jambs  D.  Dana.    New  York,  1850. 

Geological  Appendix  to  Captain  Beechey's  Voyage  to  Bebring's  Straits  in  the 
ship  '*  Blossom."    By  Dr.  Bucklano.    London,  1839. 

Beitrag  zur  Kenntniss  der  orographiscben  uud  geognostischen  Beschaffenheit 
der  Nord-West  Kiiste  Amcrika's.    Von  Dr.  C.  Grewingk.    St.  Petersburg,  1850. 

Exploration  and  Surrey  of  Peel's  River;  a  portion  of  the  chain  of  the  Rocky 
Mountains  and  the  country  west  of  M'Kenzie's  River.  By  A.  K.  Isbistvb. 
Journal  of  the  Royal  Geographical  Society  for  1846. 

IIud9on*9  Bay  Terriioriei  and  Aretie  Regumt. 

Topographical  and  Geological  Appendices  to  the  Narratives  of  Sir  John  Frank- 
lin's First  and  Second  Journeys  to  the  Shores  of  the  Polar  Sea.  By  Dr.  Rich- 
ardson.   And  Note  on  the  Fossils.    By  Prof.  Jaitesok.    London,  1825  &  1828. 

Observations  on  the  Rock  Specimens  collected  during  the  First  Polar  Voyage 
of  Captain  Parry.    By  Charles  Kokio.    London,  1824. 

Notes  on  the  Geology  of  the  Countries  discovered  during  Captain  Parry's 
Second  and  Third  Expeditions.    By  Professor  Jameson.    London,  1826. 

Geological  Appendix  to  the  Narrative  of  an  Attempt  to  reach  the  North  Pole 
by  Sir  Edward  Parry,  in  the  year  1827.    By  Professor  Jameson.    London,  1828. 

Geological  Appfndix  to  Dr.  Scoresby's  "Journal  of  a  Voyage  to  the  Northern 
Whale  Fishery,  including  Researches  and  Discoveries  on  the  East  Coast  of  Green- 
land."   By  Professor  Jameson.    Edinburgh,  1823. 

Discovery  and  Adventure  in  the  Polar  Seas  and  Regions :  Edinburgh  Cabinet 
Library ;  with  a  Chapter  on  Arctic  Geology.  By  Sir  John  Leslie,  Professor 
Jameson,  and  Hogh  Murray.    1832. 

Voyage  of  Discovery  for  Exploring  Baffin's  Bay.  By  J.  Ross.  1819.  Ap- 
pendix on  the  Rock*  specimens.    By  Dr.  M*Culloch. 

Journal  of  Captain  Penny's  Voyage  to  Baffin's  Bay  and  Barrow's  Straits,  in 
search  of  Sir  John  Franklin.  By  Dr.  P.  C.  Sothbrlano.  With  an  Appendix  on 
Geology.    By  J.  W.  Salter.    London,  1852. 

Arctic  Silurian  Fossils.  By  J.  W.  Salter.  1853.  Quart.Joum.GeoLSocvoLix. 

On  the  Geological  and  Glacial  Phenomena  of  the  Coasts  of  Davis's  Struts  and 
Baffin's  Bay.  By  P.  C.  Sxttherland,  M.D.  1853.  Quart.  Joum.  Geol.  Soc.  voL  ix. 

Rink,  H.  Geology  of  West  Greenland.  Trans.  Roy.  Soc.  Denmark,  1852.  (Om 
den  geographiske  Beskaffenhed  af  de  Danske  Handelsdistrikter  i  Nordgronland.) 

Steinhaubr  on  the  Geology  of  Labrador.   1814.    Trans.  Geol.  Soc.  voL  ii. 

Bayfield,  on  the  Geology  of  the  N.  Coast  of  the  St.  Lawrence.  1837.  Trans. 
GeoL  Soc.  2nd  Series,  vol.  v. 

On  the  Geology  of  Lake  Huron.  By  Dr.  Bigsby.  1824.  Trans  Geol.  Soc 
2nd  Series,  vol.  L 

On  the  Geology  of  the  Lake  of  the  Woods  [and  Rainy  River].  By  Dr.  Bigsby. 
1852.    Quart.  Joum.  Geol.  Soc  vol.  viii. 
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On  the  Geology  of  Rainy  Lake,  South  Hudson's  Bay.  By  Dr.  Biosbt.  1854. 
Quart.  Journ.  Geol.  Soc  vol.  x. 

On  the  Drift  of  the  Lake  of  the  Woods  and  South  Hudson's  Bay,  By  Dr. 
BiosBT.    1851.    Quart.  Journ.  Geol.  Soc.  vol.  vii. 

Narrative  of  the  Arctic  Land  Expedition  to  the  Mouth  of  the  Great  Fish  River. 
By  Captain  Back,  R.N.  Appendix  on  Geology.  By  W.  H.  Fitton,  M.D.  Lon. 
don,  1836. 

Joumid  of  a  Boat  Voyage  through  Rupert's  Land  and  the  Arctic  Sea,  in  search 
of  the  Discovery  Ships  under  Sir  John  Franklin.  By  Sir  John  Richardson. 
Loudon.  1851. 

On  some  points  of  the  Physical  Geography  of  North  America.  By  Sir  J. 
Richardson.     1851.    Quart.  Journ.  GeoL  Soc  vol  vii. 

Report  of  a  Geological  Survey  of  Wisconsin,  Iowa,  and  Minnesota,  and  inciden- 
tally  of  a  portion  of  Nebraska  Territory  [including  the  Red  River  of  Lake  Wini- 
peg].    By  David  DalbOwbn.    Philadelphia,  1852. 

The  chief  sources  of  information,  howerer,  on  which  I  have  relied 
in  confirmation  of  mj  own  observations  are  the  valuable  Memoirs  of 
Mr.  Salter  on  Arctic  Silurian  Fossils,  published  in  the  Quarterly 
Journal  of  the  Geological  Society,  vol.  ix.,  and  in  the  Appendix  to 
Dr.  Sutherland's  Journal  of  Capt.  Penny's  Voyage,  and  the  exten- 
sive researches  and  the  numerous  able  publications  -  of  the  great 
Arctic  traveller  Sir  John  Richardson,  to  whom  science  is  indebted 
for  nearly  all  that  is  known  of  the  natural  history  of  the  vast  region 
surrounding  Hudson's  Bay. 

The  collections  of  rock-specimens  and  minerals  brought  to  Eng- 
land by  the  expeditions  of  discovery  through  this  territory,  to  which 
Sir  John  Richardson  was  attached,  and  the  various  Ajctic  expe- 
ditions by  which  its  northern  shores  have  been  traced,  as  well  as  by 
those  recently  engaged  in  the  search  for  Sir  John  Franklin,  are  very 
extensive,  and  throw  much  valuable  light  on  the  mineral  structure  of 
the  various  formations  which  prevail  in  the  northern  regions  of  Ame- 
rica. It  was  not,  however,  until  within  the  last  few  years  that  any 
considerable  collection  had  been  made  of  the  organic  remains  belone- 
iug  to  these  formations,  by  which  alone  their  relative  ages  and  their 
true  characters  can  be  determined.  Some  of  the  fossil  remains 
alluded  to  have  been  described  and  figured  by  Mr.  Salter  in  the 
papers  already  referred  to,  others  by  Dr.  Dale  Owen,  of  the  U.S. 
Geological  Survey,  Dr.  Buckland,  and  others ;  and  some  (as  will  be 
subsequently  noticed)  have  been  described,  though  only  incidentally 
and  in  general  terms,  by  Sir  John  Richardson,  Mr.  Sowerby,  the 
late  Mr.  Konig  of  the  British  Museum,  and  the  late  Professor  Jame- 
son of  Edinburgh.  A  considerable  number  remain  still  undescribed 
in  the  Museum  of  the  Edinburgh  University,  the  British  Museum, 
the  Museum  of  Practical  Geology  in  Jermyn  Street,  and  the  Museum 
of  Haslar  Hospital,  or  are  mentioned  for  the  first  time  in  the  present 
paper. 

An  examination  of  these^pecimens  leaves  no  doubt  of  the  existence 
of  a  vast  development  of  palaeozoic  deposits,  extending  with  little  in- 
termission (so  far  as  is  known)  from  the  northern  frontiers  of  Canada 
and  the  United  States  to  the  farthest  point  to  which  our  researches 
have  extended  in  the  Arctic  Ocean,  and  from  Hudson's  Bay  on  the 
east  to  near  the  Rocky  Mountains  on  the  west, — ^presenting  alto- 
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gether  a  geological  horizon  of  a  grandeur  and  extent  unequalled  pro- 
bably in  any  other  part  of  the  world,  largely  as  the  researches  or  Sir 
Roderick  Murchison,  Sir  Charles  Lyell,  and  others  have  shown  such 
formations  to  be  developed  in  Russia  and  the  United  States. 

A  slight  sketch  of  the  chief  physical  features  of  this  wide  region 
will  demonstrate  the  remarkable  symmetry  and  unbroken  condition 
of  its  sedimentary  deposits,  and  to  what  an  unusual  degree  they  have 
apparently  been  exempted  from  those  igneous  disturbances  which 
have  complicated  the  geological  structure  of  many  other  countries 
of  far  less  extent  in  other  parts  of  the  world. 

Territories  East  of  the  Rocky  MouNtAiNS. 

Physical  Features  ;  and  Range  of  the  Crystalline  Rocks, — 
Separated  from  Canada  by  the  great  granitic  range  of  the  Laurentine 
or  Canadian  Mountains,  which  form  the  division  between  the  hy- 
drographic  basins  of  these  northern  regions  and  those  of  the  St. 
Lawrence  and  its  great  lakes,  the  Hudson's  Bay  Territories  may  be 
considered  as  forming  one  vast  plain,  diversified  only  by  a  single 
low  granitic  ridge  running  northwards  from  the  west  end  and 
almost  the  whole  north  shore  of  Lake  Superior  as  far  as  Great  Bear 
Lake,  in  a  direction  nearly  parallel  with  the  range  of  the  Rocky 
Mountains*  This  low  belt  of  crystalline  rocks  (see  Map,  PL  XIV.) 
averages  about  200  miles  in  breadth,  and  is  evidently  the  northern 
continuation  of  the  Laurentine  range,  which,  after  extending  unin- 
terruptedly along  the  northern  frontiers  of  Canada  until  it  comes  in 
contact  with  the  northern  spurs  of  the  Alleghanies  near  the  mouth 
of  the  St.  Lawrence,  is  deflected  northwards  in  a  direction  again 
nearly  parallel  with  the  Rocky  Mountains  through  Labrador  and 
along  the  shores  of  Hudson's  Straits  and  Baffin's  Bay  until  it  finally 
disappears  beneath  the  limestones  of  Lancaster  Sound  and  Barrow's 
Straits.  The  striking  correspondence  between  the  direction  of  this 
granitic  range,  as  thus  traced,  and  the  general  contour  of  Hudson's 
Bay  will  be  at  once  obvious  from  an  inspection  of  the  Map  (PL  XIV.), 
and  would  appear  to  point  out  this  vast  mass  of  crystalline  rocks  as 
the  probable  axis  of  elevation  of  the  great  movement  by  which  the 
Hudson's  Bay  Territories,  as  well  as  Labrador  and  the  lands  and 
islands  along  the  west  coast  of  Baffin's  Bay,  were  first  upheaved  from 
the  primeval  ocean  under  which  they  once  reposed.  The  grand 
chain  of  the  Rocky  Mountains  may  be  considered  also  as  forming 
a  new  axis  of  elevation,  at  nearly  an  equal  distance  farther  west,  up- 
heaving in  a  similar  manner  the  wide-spread  strata  which  repose  on 
its  flanks. 

The  existence  of  lines  of  division,  pursuing  a  parallel  course,  in  a 
general  meridional  direction,  like  those  iust  mentioned,  is  one  of  the 
most  prominent  general  circumstances  hitherto  ascertained  respecting 
the  geology  of  this  part  of  America.  The  course  of  the  Rocky 
Mountain  chain,  from  the  Sierra  of  Mexico  in  lat.  30°  to  its  termina- 
tion on  the  coast  of  the  Arctic  Sea  in  lat.  69°,  is  about  N.  by  W., 
with  very  little  deviation  anywhere.     This  is  also  the  general  direction 
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of  the  rugged  and  lofty  coast-range  of  Labrador  and  Baffin's  Bay, 
as  well  as  of  the  west  coast  of  Greenland. 

By  carrying  the  eye  oyer  the  map  from  point  to  point  along  the 
western  edge  of  the  crystalline  belt  running  through  the  Hudson's  ' 
Bay  Territories,  it  will  be  seen  that  the  average  direction  is  the  same ; 
though,  as  it  proceeds  northwards  it  inclines  slightly  towards  the 
Rocky  Mountains,  which,  it  is  to  be  observed  however,  begin  here 
to  lose  their  continuity ;  several  of  the  western  ranges  being  found 
to  deviate  from  the  general  direction  of  the  chain,  and  to  develope 
themselves  in  irregular  masses  through  the  interior  of  Russian 
America. 

We  possess  little  reliable  information  respecting  the  structure  of 
the  mountain  ranges  of  Labrador  (on  the  east)  or  of  the  Rocky 
Mountains  (on  the  west)  north  of  the  forty-seventh  parallel,  where 
they  were  crossed  by  Lewis  and  Clarke,  in  1805,  and  no  organic  re- 
mains (so  far  as  I  am  aware)  from  either  locality.  Sir  John  Richard- 
son, who  is  in  possession  of  aU  the  information  respecting  the  Rocky 
Mountain  range,  collected  from  the  traders  of  the  Hudson's  Bay 
Company  and  from  the  botanists  Douglas  and  Drummond,  who  crossed 
it  between  the  sources  of  the  Elk  and  Peace  Rivers,  describes  the 
eastern  slopes  as  consisting  of  conglomerate  and  sandstone,  to  which 
succeed  limestone  and  clayslates,  probably  of  Silurian  age,  and  gra- 
nite. This  view  is  to  some  extent  borne  out  by  the  section  of  this 
range  given  by  Marcou,  at  Fort  Laramie,  in  lat.  42^,  from  the 
Surveys  of  the  United  States*  geologists.  Farther  north,  where  the 
chain  was  explored  by  myself,  near  its  termination  in  the  Arctic  Sea, 
the  prevailing  formations  were  found  through  their  organic  remains 
(as  will  be  subsequently  noticed)  to  be  referable  to  certain  members 
of  the  Carboniferous  series,  corresponding  probably  to  the  Mountain 
Limestone  of  English  geologist^.  From  the  highest  part  of  the 
range,  near  latitude  55°  N.,  where  it  attains  an  elevation  of  16,000  feet 
above  the  sea,  the  four  largest  rivers  of  North  America — ^the  Missouri, 
the  Saskatchewan,  the  Mackenzie,  and  the  Columbia  take  their  rise. 
It  may  be  added,  that  these  four  feeders  of  opposite  oceans  not  only 
take  Uieir  origin  from  the  same  range  of  mountains,  but  three  of 
them  almost  from  the  same  hill, — the  head-waters  of  the  Columbia 
and  the  Mackenzie  being  only  about  "  two  hundred  yards  "  apart, 
and  those  of  the  Columbia  and  the  Saskatchewan,  not  more  than 
''  fourteen  paces."  It  may  be  Mentioned  also  as  a  singular  fact,  that 
one  branch  of  the  Mackenzie,  the  "  Peace  River  "  of  Sir  Alexander 
Mackenzie,  actually  rises  on  the  western  side  of  the  Rocky  Moun- 
tains within  300  yards  of  another  lai^  river  flowing  into  the  Pacific, 
the  Tacoutchetesse,  or  Fraser's  River,  which  discharges  itself  into 
the  Gulf  of  Georgia,  opposite  Vancouver's  Island. 

Central  Plateau  of  Crystalline  Rocks. — Marcou,  in  his  recently 
published  Geological  Map  of  the  United  States,  has  traced  the  cry- 
stalUne  formation  of  the  Laurentine  Mountains  a  considerable  distance 
to  the  westward  of  Lake  Superior,  where  it  appears  to  form  the  chief 
constituent  of  the  low  watershed  which  separates  the  waters  of  the 
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Missoiiri  from  those  of  the  Saskatchewan  and  other  rivers  flowing 
into  Hudson's  Bay. 

The  zone  of  crystalline  rocks,  chiefly  gneiss,  with  granite  and  trap, 
'  previously  alluded  to  as  extending  for  a  very  great  distance  in  a 
north-west  direction  from  Lake  Superior,  is  likewise  very  little  ele- 
vated for  the  greater  part  of  its  extent  ahove  the  surrounding  country. 
Sir  John  Fra^in,  on  his  first  overland  expedition  to  the  shores  of 
the  Polar  Sea,  crossed  this  granitic  chain  nearly  at  right  andes  to  its 
line  of  direction  in  proceeding  from  Hudson's  bay  to  Lake  Winip^ 
where  it  was  220  miles  wide ;  it  has  heen  since  crossed  at  various 
other  points,  and  traced  nearly  along  its  entire  length  to  the  Arctic 
Sea.  We  are  thus  in  possession  of  the  requisite  data  for  mapping 
its  course  and  extent,  and  indicating  its  general  features  with  con- 
siderahle  accuracy.  Branching  off  from  the  Laurentine  ranges, 
it  assumes  a  north-westerly  direction  from  the  Lake  of  the 
Woods  (where  it  first  comes  in  contact  with  the  limestones  which 
underlie  the  prairies  on  the  west),  until  it  reaches  Lake  Winipeg^ 
along  the  eastern  side  of  which  it  is  then  continued  for  ahout  280 
miles  in  nearly  a  N.N.W.  direction.  From  Norway  Point  at  the 
north  end  of  Lake  Winipeg  to  Isle  k  la  Crosse,  a  oistance  of  420 
miles  in  a  straight  line,  the  western  boundary  has,  according  to  Sir 
John  Richardron,  a  W.N.W.  direction.  For  240  miles  from 
Isle  k  la  Crosse  to  Athabasca  Lake,  its  course  turns  in  a  somewhat 
irregular  outline  northward,  enclosing  the  whole  of  that  lake  with 
the  exception  of  its  western  extremity.  Thence  it  is  continued  to 
MacTavish  Bay  in  Great  Bear  Lake,  a  distance  of  500  miles  in 
a  general  direction  of  about  N.W.  by  W.,  and  is  marked,  according 
to  Sir  John  Richardson,  "  bv  the  Slave  River,  a  deep  inlet  on  the 
north  side  of  Great  Slave  Lake,  and  a  chain  of  rivers  and  lakes,  in- 
cluding Great  Marten  Lake,  which  discharge  themselves  into  that 
inlet."  From  Great  Bear  Lake  to  the  sea  it  follows  the' general 
course  of  the  Coppermine  River,  its  termination  being  marked  by  the 
mouth  of  that  stream  in  lat.  71°  55'  N.  and  long.  \2(P  30'  W. ;  or 
perhaps  more  correctly  by  Richardson's  River,  a  little  to  the  west  of 
it.  In  this  part,  for  the  first  time,  the  chain  rises  to  the  altitude  of 
hiUs,  marked  on  the  Map  as  the  Copper  Mountains,  which  attain  in 
some  parts  a  height  of  800  feet  above  the  bed  of  the  river.  The 
slight  elevations  composing  the  main  portion  of  the  chain  seldom 
rise,  as  has  been  already  observed,  much  above  the  level  of  the  sur- 
rounding country,  giving  to  the  entire  range  the  character  of  a  low 
swampy  plateau  of  crystalline  rocks,  covered  by  an  immense  net- 
work of  small  lakes  and  swamps,  connected  by  narrow  and  tortuous 
channels.  The  low  rugged  knolls  of  granite  and  gneiss,  round  which 
these  channels  wind,  ''have  mostly,"  says  Sir  John  Richardson, 
"  rounded  summits,  and  they  do  not  form  continuous  ridges,  but  are 
detached  fh)m  each  other  by  valleys  of  various  breadth,  though  gene- 
rally narrow  and  very  seldom  levd.  When  the  valleys  are  of  con- 
siderable extent,  they  are  almost  invariably  occupied  by  a  lake,  the 
proportion  of  water  in  this  district  bein^  rery  great ;  from  the  top  of 
the  highest  hill  on  the  Hill  River  thuty-six  lakes  are  said  to  be 
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visible.  The  small  elevation  of  the  chain  may  be  inferred  from  an 
examination  of  the  Map,  which  shows  that  it  is  crossed  by  several 
rivers  that  rise  in  the  Rockv  Mountains,  the  most  considerable  of 
which  are  the  Churchill,  and  the  Saskatchewan  or  Nelson  Rivers. 
These  great  streams  have,  for  many  hundred  miles  from  their  origin, 
the  ormnary  appearance  of  rivers  in  being  bounded  by  continuous 
parallel  banks,  but  on  entering  the  primitive  district,  they  present 
chains  of  lake-like  dilatations,  which  are  full  of  islands  and  have 
a  veiy  irregular  outline.  Many  of  the  numerous  arms  of  these  ex- 
pansions wind  for  miles  through  the  neighbouring  country,  and  the 
whole  district  bears  a  striking  resemblance,  in  the  manner  in  which 
it  is  intersected  by  water,  to  the  coast  of  Norway  and  the  adjoining 
part  of  Sweden.  The  successive  dilatations  of  the  rivers  have  scarcely 
any  imrrent,  but  are  connected  with  each  other  by  one  or  more  straits, 
in  which  the  water-course  is  more  or  less  obstructed  by  rocks,  and 
the  stream  is  very  turbulent  and  rapid.  The  most  prevalent  rock  in 
the  chain  is  gneiss ;  but  there  are  also  granite  and  mica-slate,  toge- 
ther with  numerous  beds  of  amphibolic  rocks." 

The  entire  length  of  this  remarkable  plateau,  from  Lake  Superior 
to  its  termination  on  the  Arctic  Sea,  may  be  estimated  at  somewhat 
more  than  1 500  miles.  Such  an  enormous  extension  of  crystalline  and 
eruptive  rocks,  nowhere  assuming  the  character  of  a  mountain  district, 
is  a  remarkable  example  of  the  tranquil  operation  of  an  upheaving 
force  exerted  over  an  immense  area,  yet  with  a  limited  and  regulated 
intensity,  and  a  constancy  of  direction  which  render  it  worthy  of  atten- 
tion, not  only  as  a  striking  geological  phsenomenon,  but  as  serving, 
perhaps,  to  throw  some  light  on  the  dynamical  conditions  under  which 
those  vast  sedimentary  deposits  which  have  excited  the  astonishment 
of  geologists  in  America  mm  their  unparalleled  extension  have  been 
originally  upheaved. 

It  may  be  mentioned  also  as  another  remarkable  circumstance  in 
connexion  with  this  granitic  tract,  that  it  is  along  its  western  mar- 
gin, in  the  line  of  its  junction  with  the  limestones  and  other  second- 
ary deposits  which  extend  between  it  and  the  Rocky  Mountains,  that 
all  the  great  lakes  of  America  are  found.  If  we  regard  Lake  Erie 
and  Lake  Michigan  as  expansions  respectively  of  Lake  Ontario  and 
Lake  Huron  (being  evidently  component  parts  of  the  same  lake- 
basins),  we  shall  find  the  following  series  of  great  lakes — Lake  On- 
tario, Lake  Huron,  Lake  Superior,  Lake  Wimpeg,  Athabasca  Lake, 
Great  Slave  Lake,  Marten  Lake,  and  Great  Bear  Lake,  succeeding 
one  another  in  a  N.N.W.  direction  along  the  line  of  fracture,  and  in-, 
variably  bounded  to  a  greater  or  less  extent  on  one  side  (generally 
the  northern  or  eastern)  by  crystalline  rocks,  and  on  the  opposite  side 
by  limestones  and  other  secondary  formations ;  the  northern  coast-line 
being  moreover  indented  nearly  m  the  same  general  bearing  by  Coro- 
nation Gulf,  where,  as  already  stated,  the  mie  of  crystalline  rocks 
terminates.  It  is  to  be  observed,  however,  that  the  rivers  connecting 
these  lakes  run  generally  wholly  in  one  formation  or  in  the  other. 

Silurian  Basin  of  Hudson^ s  Bay,  —  The  granitic  tract  just  dcr 
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scribed  is  bounded  to  the.  eastward  by  a  narrow  belt  of  limestone, 
beyond  which  there  is  a  flat  swampy  and  partly  alluyial  distriety 
forming  the  shores  of  Hudson's  Bay.  The  west  coast  of  the  bay  is 
everywhere  extremely  low,  and  the  depth  of  water  decreases  so  gradu- 
ally on  approaching  it,  that  in  seven  fathoms  of  water  the  tops  of  the 
trees  on  the  land  are  just  visible  from  a  ship's  deck.  Large  boulder- 
stones  are  scattered  over  the  beach,  and  sometimes  form  shoals  as  far 
as  five  miles  from  shore.  A  low  and  uniformly  swampy  aspect  cha- 
racterizes the  surrounding  country  for  several  mfles  mland.  The 
upper  soil  presents  a  thin  stratum  of  half-decayed  mosses,  imme- 
diately under  which  we  find  a  thick  bed  of  tenacious  and  somewhat 
shaley  bluish  clay  containing  boulder-stones.  Beyond  this  occurs  an 
extensive  deposit  of  limestone,  completely  encurding  Hudson's  Bay, 
and  following  the  course  of  the  crystalline  rocks  to  the  extreme  limit 
of  our  researches  in  the  Arctic  Sea. 

Dr.  Conybeare,  in  his  Report  on  Geology,  to  the  British  Assoda- 
tion  for  1832,  had  noticed  the  great  simuarity  between  the  fossils 
brought  to  England  by  the  Arctic  Expeditions  of  Parry  and  Franklin, 
and  tibose  of  the  Silurian  formations  of  our  own  country.  The  Geo- 
logical Notices  appended  to  the  Narratives  of  those  l&peditions  by 
Professor  Jameson,  Mr.  Konig,  and  Sir  John  Richardson,  who  had 
the  advantage  of  Mr.  Sowerbps  assistance  in  examining  the  oi^anic 
remains,  had  previously  led  to  the  same  view ;  and  it  may  now  be 
considered  as  finally  established  by  Mr.  Salter's  examination  and  de- 
scription of  the  extensive  collections  from  the  Arctic  Regions*, 
brought  to  England  by  the  recent  expeditions  in  search  of  Sir  John 
Franklin.  The  formation  described  by  Dr.  Sutherland  as  extending 
alon^  the  shores  of  Wellington  Channel  and  Barrow's  Straits,  and 
considered  by  Mr.  Salter  to  belong  to  the  Upper  Silurian  group,  has 
since  been  identified,  through  its  organic  remains,  at  several  points 
along  the  coasts  of  Hudson's  Bay.  Recognized  by  Mr.  Logan  at 
Lake  Temiscamane,  and  at  Lakes  Abbitibie  and  St.  John,  on  the 
northern  edge  of  tne  Laurentine  Mountains,  it  has  been  successively 
identified  along  the  Moose  and  Albany  Rivers  flowing  into  James's 
Bay,  at  Marten's  Fallsf,  and  along  the  northern  edge  of  the  granitic 
plateau,  thence  to  York  Factory,  along  the  Great  fish  River,  of  Sir 
George  Back  %,  at  Igloohk  §,  and  along  both  shores  of  Prince  Re- 
gent's Inlet  II,  to  whidi  last-mentioned  locality  Mr.  Salter's  investiga- 

*  Quart.  Joiini.  GeoL  Soc  vol.  ix.  p.  313. 

t  By  Sir  John  Richardson  and  Mr.  Bamston.  **  Boat  Voyage  through  Rupert's 
Land/^  vol.  ii.  %  Dr.  Rtton  and  Mr.  Stokes.  $  Professor  Jameson. 

H  Sir  Roderick  Muichison,  *  Siluria,'  p.  428.  I  cannot  omit,  in  this  sketch  of 
the  geology  of  so  large  a  portion  of  the  North  American  Continent,  to  refer  to  the 
very  accurate  discrimination  and  description  of  its  leading  features  contained  in  the 
recently  published  work  of  Sir  Roderick  Murchison  on  '  Siluria.'  To  this  import- 
ant work,  and  to  the  long  series  of  researches  of  which  it  is  the  fruit,  the  geolo- 
gists of  America  must  feel  under  the  highest  obligation,  not  only  for  the  dear 
and  comprehensive  view  it  exhibits  of  the  whole  phenomena  of  Palaeozoic  rocks 
throughout  that  continent,  but  for  the  important  and  valuable  aid  it  affords  to  the 
explorer  and  investigator  of  its  organic  remains,  by  the  establishment  of  a  definite 
and  perspicuous  standard  of  comparison  and  reference,  by  which  its  geological 
formations  can  be  identified  and  described. 
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tions  bring  us  down.  The  extreme  points  here  indicated  are  Lake 
Temiscamang,  in  lat.  AT  W  N.,  and  the  shores  of  Wellington  Chan- 
nel, between  IT  and  78°  N.,  giving  the  enormous  ran^e  of  30  degrees 
of  latitude,  over  which,  as  far  as  our  present  information  reaches,  the 
Silurian  formation  extends  uninterruptedly  without  any  important 
variation,  so  far  as  is  known,  either  in  its  mineralogical  constitution 
or  its  stratification.  The  fossils  from  this  district  hitherto  submitted 
to  Mr.  Salter's  examination  belong  exclusively  to  the  Upper  Silurian. 
They  are  comprised  in  the  following  list;  and  most  of  them  are 
figured  in  the  Appendix  to  Dr.  Sutherbnd's  Journal  of  Capt.  Penny's 
Expedition. 

Otiff/aeea. 


1.  Encrinnras  laevis,  JngeUn} 

2.  Proetns,  ep. 


Leperditia  Balthica,  Hitmger  sp., 
var.  oretiea,  Jones. 


Molbaea, 


4.  Lituites,  sp. 

5.  OrthoceraB  Ommaneyi,  Salter, 

6.  7. ,  2  species. 

8,  9.  Mnrchisonia,  2  sp. 

10.  Euomphalas,  sp. 

11.  Bellerophon  naatarum,  Salter. 

12.  Modiola  (or  Modiolopsis). 

13.  Strophomena  Donnetti,  Salter, 

14.  ,  sp. 

15.  Orthis. 


16.  Spirifer  crispos,  Lmn.  sp.  ? 
17. ,sp. 

18.  Chonetes  lata,  Vtm  Buck  ? 

19.  Pentamerus  oonchidium,  Dabn, 

20.  Rhynchonella  Phoca,  SaUer. 

21.  Mansonii,  SaUer. 

22.  sablepida,  De  Vem. 

23.  24.  ,  2  sp. 

25.  Atrypa  reticularis,  Lmn,  sp. 


26. 

Actinocriiiiis,  sp. 

27. 

Crotalocrintis,  sp. 

CordU. 

28. 

Ptychophyllum. 

40. 

Syringopora,  sp. 

29. 

Strephodes  Pickthomii,  SaUer, 

41. 

Heliolites  (Pontes). 

30. 

?  Austini,  &tter. 

42. 

Cystiphyllam,  sp. 

31. 

Favistella  reticulata,  Salter, 

43. 

Cyathophyllum,  sp. 

32. 

Franklini,  Salter, 

44. 

CUsiophyllum,  sp. 

33. 

Fenestella,  sp. 

45. 

Aolopora,  sp. 

34. 

FaTosites  polymorpha,  Goldfitu, 

46. 

Coenites  (Limaria),  sp. 

35. 

47. 

Calophyllum  phragmoceras, 

36, 

37.  ,  2  sp. 

Salter. 

38. 

ColiimDaria  Satherlandi,  Salter. 

48. 

Arachnophyllum  Richardsonii, 

39. 

Halysites  catenulatus,  Linn,  sp. 

SaUer, 

Mr.  Konig  describes  the  limestones  from  which  these  remains 
have  been  obtained  as  of  an  ash-grey  or  yellowish  and  grey  colour, 
often  foetid,  and  sometimes  crystalline  or  compact,  strongly  resem- 
bling the  Transition  limestones  of  Gothland,  and  some  of  the  foetid 
varieties  of  the  Mountain  Limestone  of  Derbyshire.  He  mentions 
also  that  it  is  filled  with  zoophytes  and  shells ;  and  in  some  parts  is 
quite  made  up  of  the  detritus  of  Encrinites,  the  fragments  of  which 
are  so  commmuted  that  the  rock  might  readily  be  mistaken  for  a 
granular  limestone. 

A  small  collection  of  fossils  *  recently  procured  by  the  writer  from 

•  *  The  fossils  were  collected  by  Dr.  Roderick  Kennedy,  the  Medical  Officer  at 
Moose  Factory. 
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James's  Baj  (the  southern  extremity  of  Hudson's  Bay),  which  have 
been  submitted  to  Mr.  Salter,  but  not  yet  named,  exhibit  the  same 
general  Upper  Silurian  character  with  those  above  quoted.  They 
comprise  specimens  of  the  same  Corals  (Favontes,  CyathophyUum, 
Clisiophyllum,  and  Favistella),  the  uniyersal  Atrypa  reticularis^ 
Pentamerus  ohlongu»y  several  Spirifers  and  OrtMdaB,  and  an  Ortho- 
eeras.  Mr.  Bamston,  of  the  Hudson's  Bay  Ck>mpany's  Service,  who 
has  resided  for  upwards  of  twenty  years  in  various  parts  of  the 
district  under  notice,  and  whose  qualifications  as  an  observer  are 
highly  spoken  of  by  Sir  John  Richardson,  has  traced  the  Silurian 
rocks  from  James's  Bay  to  Marten's  Falls,  near  the  source  of  Albany 
Biver,  at  the  eastern  edge  of  the  granitic  plateau,  which  would  give 
an  average  breadth  of  about  200  miles  for  the  formation  in  this  part. 
The  boat-route  from  Lake  Winipeg  to  York  Factory  crosses  the 
limestone  belt  at  right  angles  to  its  course  at  Bock  Portage,  and  its 
breadth  is  there  found  to  diminish  to  less  than  100  miles.  The  ave- 
ra^  width  of  the  formation  may  perhaps  be  estimated  at  about  150 
miles. 

The  mineral  structure  of  the  rocks  forming  the  northern  shores  of 
America  has  been  so  fully  and  minutely  investigated  and  described 
by  Prof.  Jameson,  Mr.  Konig,  Dr.  Fitton,  and  Sir  John  Richardson, 
that  I  shall  here,  as  well  as  in  the  notices  of  the  otiier  formations  of 
this  territory,  confine  myself  exclusively  to  the  examination  of  their 
organic  remains,  referring  the  reader  for  every  necessaiy  information 
on  the  mineralogical  character  of  the  rocks  in  which  they  are  found 
to  the  valuable  publications  of  those  authors. 

Silurian  Basin  of  Lake  Winipeg. — ^To  the  westward  of  the  plateau 
of  crystalline  rocks,  and  following  its  course  for  a  considerable 
distance  northward,  lies  an  extensive  deposit  of  horizontal  limestone, 
underlying  the  wide  prairie  country  which  extends  towards  the  Rocky 
Mountains.  Lake  Winipeg,  which  is  situated  on  the  line  of  junction 
of  the  two  formations,  is  a  long  and  narrow  sheet  of  water,  230  geo- 
graphical miles  long,  and  about  40  wide ;  and,  with  its  associated 
lakes  (Moose  Lake,  Muddy  Lake,  Winnepegoos,  and  Manitoba 
Lakes),  receives,  through  its  affluents — the  Saskatchewan,  the  Red 
River,  and  other  streams — a  wide  extent  of  prairie  drainage.  Tbe 
commercial  route  from  Lake  Superior  up  to  this  point  lies  almost 
wholly  within  the  granitic  tract,  touching  on  Silurian  deposits  only 
at  the  mouth  of  Ramy  River  and  at  one  of  the  south-western  arms  of 
the  Lake  of  the  Woods,  where  Dr.  Bigsby  has  detected  a  few  oi^anic 
remains  indicative  of  the  Upper  Silurian  formation  *,  The  Winipeg 
flows  wholly  within  the  granitic  district,  and  has  the  lake-like  dilata- 
tions and  other  characteristics  of  the  streams  which  traverse  the  cry- 
stalline tract.  When  we  descend  to  Lake  Winipeg,  we  come  upon 
epidotic  slates,  conglomerates,  sandstones,  and  trap-rocks,  which  bear 
a  close  resemblance  to  those  of  the  mining  district  of  Pigeon  Bay  on 

*  The  following  list  is  given  by  Dr.  Bigsby :  a  small  Phaeopi,  small  Ortkoee-' 
rata,  minute  Encrinital  columns,  Favotites  GothUmdica,  CyathopkyUum^  Mwreki^ 
tenia,  Pentamerut  KnightU,  Leptmna,  Avieuia,  Atrypa,  and  Spirtfer^  Quart. 
Journ.  Geol.  Soc.  vol.  viii.  p.  405. 
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Lake  Superior.  After  passing  the  straits  of  Lake  Winip^  we  have 
gramtic  rocks  on  the  east  shore  and  Silurian  rocks  on  the  west  and 
north,  the  basin  of  the  lake  being  mostly  excavated  in  the  limestone. 
The  granite  and  gneiss  which  form  the  east  shore  of  Lake  Winipeg 
strike  off  at  its  N.£.  comer,  and,  passing  to  the  north  of  Moose 
Lake,  go  on  to  Beayer  Lake,  where  the  boat-route  again  touches 
upon  them.  The  extension  of  the  limestone  in  a  westerly  direction 
from  Lake  Winipeg  has  not  been  ascertained ;  but  it  has  been  traced 
as  far  up  the  Saskatchewan  as  Carlton  House,  where  it  is  at  least 
280  miles  in  breadth.  Beyond  this  it  is  either  succeeded  or  covered 
by  diffs  of  calcareous  clay,  which  bear  some  resemblance  to  those 
found  along  the  banks  of  the  upper  portions  of  the  Missouri,  toge- 
ther with  saliferous  marls  and  beds  of  gypsum. 

Skirting  the  base  of  the  Bocky  Mountains  a  remarkable  lignite 
formation  is  met  with,  which  is  said  to  extend  through  the  valley  of 
the  Mississippi  and  of  Mackenzie  River  as  far  north  as  the  Arctic  Sea. 

The  limestone  of  Lake  Winipeg,  which  undoubtedly  covers  a  vast 
tract  of  country,  may  in  general  be  characterized  as  compact  and 
splintery,  and  of  a  yellowish-white  colour,  passing  into  buff,  and 
sometimes  of  an  ash-grey^  mottled,  or  banded  with  patches  of  light 
brown.  In  the  district  between  Lake  Winipeg  and  the  Saskatchewan, 
more  particularly  examined  by  the  Arctic  Expeditions  of  Franklin 
and  Back  which  passed  through  it  on  their  way  to  the  Arctic  Sea, 
the  limestone  strata  were  found  to  be  almost  everywhere  extensively 
exposed,  and  to  be  remarkably  free  from  intrusive  rocks.  Professor 
Jameson  enumerates  TerebratultB,  Orthocerata,  Encrinites,  Caryo- 
phyUitay  and  LinptiUs,  as  the  organic  remains  brought  to  England 
by  Franklin's  First  Expedition ;  Mr.  Stokes  and  Mr.  Sowerby  ex- 
amined those  fossils  which  were  procured  on  the  Second  Expedition, 
and  found  amongst  them  Terebratulites,  Spirifers,  Corallmes,  and 
Maclurites.  The  Maclurites  were  probably  the  Maclurea  magna 
of  Le  Sueur  and  Hall.  Sir  John  Richardson  has  recently  brought 
home  from  the  same  quarter  a  fine  specimen  of  the  Receptaculitea 
neptunii, — ^a  fossil,  which,  though  it  occurs  abundantly  in  some  of  the 
Devonian  beds  of  the  Eifel,  is  with  the  Maclurite  characteristic  in 
Canada,  as  in  New  York,  of  the  Lower  Silurian. 

Along  the  southern  shores  of  Lake  Winipeg  and  in  the  Valley  of 
the  Red  River,  where  the  limestone  rises  in  sohd  ledges  from  the 
surrounding  prairies,  and  has  been  extensively  quarried  for  building 
purposes,  it  has  been  dbtinctly  identified  as  belonging  to  that  forma- 
tion by  l)r.  Dale  Owen,  Director  of  the  Geological  Survey  of  Wiscon- 
sin and  Minnesota,  who  in  the  course  of  his  explorations  visited  the 
small  colony  settled  there  by  the  Hudson's  Bay  Company.  In  his 
recently  published  Report,  Dr.  Dale  enumerates  the  following  fossils 
procured  by  him  from  the  quarries  at  Red  River  and  from  Lake 
Winip^: — 

1.  Favosites  basaliica.  5.  Ormoceras  Brong;n]artL 

2.  Coscinopora  sulcata.  6.  Leptiena  sericea  ?  f 

3.  Chtetetes  lycoperdon.  7. altemata. 

4.  Pleororhynchas,  sp.  8. pUnoconTexa  ? 
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9.  Calyiiiene  Mnaiia. 
10.  Pleuzotomaria  lenticulaiu  ? 
11. munlisf. 

12.  Oithis,  sp.  t 

13.  Lingnla,  ep.  f 

14.  Terebratak,  tp.  f 

15.  Cytherina.'t 

16.  Syringopon. 


17.  Fleoroiliyiidnis  ? 

18.  Cq>ha]ic  ihield  of  a  Tiflobite 

allied  to  nUmmt  aretwrutf. 

19.  Pnitulated  cephalic  shield  of  an 

lUnnnsf. 

20.  Connlaria,  sp. 

21.  Several  Bpecimeni  of  the  shield 

of  Illeniu  crassLcanda. 


Note. — ^Those  marked  f  are  figured  in  Dr.  Owen's  Atlas  of  lUostFations. 

Many  of  these,  Dr.  Owen  states,  "  are  identically  tbe  same  fossils 
as  occur  in  the  lower  part  of  *  Formation  No.  3.'  in  Wisconsin  and 
Iowa,  in  the  blue  limestones  of  Indiana,  Ohio,  Kentucky,  and  also  in 
the  Lower  Silurian  of  Europe.  The  Coscinopora  is  precisely  the 
same  as  the  coral  which  is  particularly  charactenstic  of  the  lower 
beds  of  the  Upper  Magnesian  Limestone  of  Wisconsin.  The  speci- 
mens of  Favoeites  basaltica  cannot  be  distinguished  from  those 
which  abound  in  the  Upper  Magnesian  Limestone  of  Wisconsin  and 
Iowa  and  the  Lower  Coralline  beds  of  the  Falls  of  the  Ohio." 

It  has  been  noticed  that  the  limestones  of  this  formation  are  di- 
stinguished by  two  different  tints  of  colour.  From  the  following 
analyses  of  the  two  yarieties  published  by  Dr.  Owen,  it  would  appear 
that  they  differ  also  considerably  in  their  mineralogical  character. 


Analysis  of  the  Compact  Limestone 
from  Red  River,  containing  LepitBHo. 

Carbonate  of  lime  53*7 

Carbonate  of  Magnesia 40-5 

Insoluble  matter 0-8 

Alumina,  Oxide   of  Iron,  and 

Manganese 4-0 

Water  and  loss 1*0 

1000 


Spotted  and  banded  limestone,  con- 
taining Cotcmopora. 

Carbonate  of  Lime 78*1 

Carbonate  of  Magnesia 17*8 

Insoluble  matter 1*0 

Alumina,  Oxide    of   Iron,  and 

Manganese 1*4 

Water  and  loss 1*7 

100-0 


It  has  been  stated  that  none  of  the  fossils  firom  the  Hudson's  Bay 
Basin  hitherto  submitted  to  Mr.  Salter  belong  to  the  lower  divisioa 
of  the  Silurian.  It  is  proper  to  observe,  however,  that  Mr,  Salter 
has  expressed  some  doubt  of  the  age  of  the  limestone  of  Igloolik, 
Melville  Peninsula,  and  Amherst  Island,  amongst  the  organic  re- 
mains of  which  Professor  Jameson  and  Mr.  Stokes  detected  some 
Trilobites,  a  Maclurite,  and  a  Coral,  which  last  fossil  from  the  descrip- 
tion given  of  it  may  have  been  a  Reeeptaculitei ;  and  it  may  be 
added,  that  Marcou,  apparently  on  the  authority  of  Mr.  L^;an» 
classes  the  limestones  of  Lakes  Abbitibe  and  St.  John  as  Lower 
Silurian.  The  limestones  of  the  Kakabeka  Falls  were  identified  by 
himself  as  belonging  to  that  division.  I^e  insufficiency  of  geological 
explorations,  and  the  want  of  published  documents,  render  it  impos* 
siUe  as  yet  to  define  with  any  approach  to  accuracy  the  limits  of  the 
two  great  divisions  of  the  formation  in  this  part  of  America,  while  it 
may  be  safely  asserted,  however,  that  under  one  or  other  of  its  forms 
the  Silurian  formation  attains  probably  a  wider  development  in  the 
Hudson's  Bay  Territories  than  in  any  other  part  of  the  world  in 
which  its  existence  has  been  hitherto  ascertained.    Sir  John  Bichard- 
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SOD  has  detected  it  in  the  hollows  of  the  granitic  pktean,  and  he  ex- 
presses a  belief  that  it  will  be  found  to  occupy  all  the  Talleys  of  that 
extensive  district. 

Devonian  Formatum  of  the  Elk  or  Mackenzie  River. — The  extent 
of  the  Silurian  formation  of  Lake  Winipeg  northward  has  not  been 
accurately  ascertained.  Limestones  very  similar  in  character  have 
been  traced  on  Beaver  Biver,  the  most  westerly  feeder  of  Churchill 
Biver,  and  situated  midway  between  the  Saskatchewan  and  £lk 
Bivers.  The  canoe-route  does  not  touch  upon  this  river,  which  has 
its  outlets  in  one  of  the  south-western  arms  of  Lake  La  Crosse ;  but 
*it  is  observed  that  the  country  on  entering  Sandy  Lake  along  the  line 
of  communication  near  this  part  suddenlv  changes  its  aspect.  Banks 
of  loam,  sand,  and  rolled  blocks  of  a  fine  quartzose  sandstone  are 
found  along  the  channels  of  the  rivers ;  and  shortly  after  emerging 
from  the  granitic  district  through  which  the  route  lies  for  the  greater 
part  of  the  distance  from  CumWland  House  to  Fort  Isle-i-la-Crosse, 
we  come  upon  a  formation  of  quite  another  character,  occupying  the 
basins  of  the  Elk  Biver  and  its  affluent  the  Clear-water. 

The  Elk  Biver,  the  most  southerly  feeder  of  the  Mackenzie,  ori- 
ginates in  the  Bocky  Mountains,  as  already  stated,  near  the  northern 
sources  of  the  Saskatchewan ;  and  its  bed,  which  forms  with  that 
stream  two  sides  of  an  equilateral  triangle,  with  its  base  resting  on 
the  western  edge  of  the  crvstalline  plateau,  is  not  separated  by  any 
marked  ridge  from  the  Saskatchewan  prairie  country,  which  appears 
to  extend  with  little  interruption  as  far  as  the  next  great  tributary 
of  the  Mackenzie,  the  Unjigah  or  Peace  Biver.  It  is  separated 
from  the  Churchill  or  Mississippi  Biver  system,  having  its  outlet  in 
Hudson's  Bay,  by  the  carrying-place  of  Portage  La  Loche,  a  plateau 
of  about  ten  miles  in  breadth,  which  forms  the  dividing  ridge  between 
the  waters  flowing  into  Hudson's  Bay  and  those  flowing  into  the 
Arctic  Sea. .  Portage  La  Loche  has  at  its  highest  point  an  elevation 
of  about  60  feet  above  the  sources  of  the  Churchill  Biver  system ; 
but  it  presents  on  the  side  of  the  Clear-water  Biver  a  sudden  and  pre- 
cipitous descent  of  65G  feet,  disclosing  a  deep  layer  of  sand,  enclosing 
masses  of  sandstone,  of  about  600  feet  in  depth ;  the  whole  reposins 
upon  an  extensive  formation  of  limestone  wnich  lines  the  whole  bed 
of  the  Clear-water  as  far  as  its  junction  with  the  Elk  Biver.  The  de- 
posits of  sand  and  sandstone  aftemaie  with  thick  beds  of  bituminous 
shale,  in  some  parts  more  than  150  feet  in  depth.  These  bituminous 
deposits  form  the  distinguishing  feature  of  the  formation  now  under 
notice,  and  are  developed  to  an  enormous  extent,  having  been  traced 
at  intervals  along  the  whole  length  of  Mackenzie  Biver  as  far  as  the 
shores  of  the  Arctic  Sea.  Springs  and  pits  of  fluid  bitumen  are  of 
common  occurrence,  and  along  the  banks  of  Elk  Biver  in  particular 
the  shale  beds  are  so  saturated  with  this  mineral  as  to  be  nearly 
plastic.  The  whole  formation  bears  a  decided  resemblance  in  its 
uthological  character  to  the  lower  members  of  the  "  Erie  Division" 
of  the  United  States'  geologists,  which  M.  de  Yemeuil  considers  to 
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be  equiyalent  to  the  DeTonian  fonnation  of  Europe  *.  I  have  been 
enabled,  through  the  kindness  of  Mr.  S.  P.  Woodward,  to  examine 
the  collection  of  fossils  from  this  district  in  the  British  Museum ; 
and  although,  from  the  poverty  of  organic  remains  (a  circumstance 
characteristic  of  the  formation  also  in  the  United  States),  the  collec- 
tion is  a  very  small  one,  there  can  be  no  hesitation  in  assigning  the 
bituminous  deposits  of  the  Elk  and  Mackenzie  Rivers  to  the  epoch  of 
the  Marcellus  shales,  and  the  associated  limestones,  of  the  New  York 
Survey. 

The  most  characteristic  fossil  of  the  bituminous  beds  is  a  small 
Pteropodous  shell,  thickly  disseminated  through  the  substance  of  the 
shale,  apparently  the  Tentaculiteg  Jissurella  of  Hall,  associated  with 
Strophomena  mucronata,  S.  setigera,  and  Orthia  limitaris,  of  the 
same  author ;  at  least  they  cannot  be  distinguished  from  his  figures 
of  those  fossils  from  the  Marcellus  shales. 

Two  Corals  from  the  associated  bituminous  limestone  are,  accord- 
ing to  Mr.  Woodward,  characteristic  of  the  same  epoch,  namely  a 
Strambodes  (of  Hall),  having  its  cysts  filled  with  bitumen,  and  a 
Favosites,  very  Hke  ttie  common  F.  polymorpha  of  the  Plymouth 
marbles.  From  the  underlying  Umestones  of  the  Elk  River,  Sir  John 
Richardson  collected  several  specimens  of  Productus  (among  them 
P.  subaculeatus),  an  Orthis  resembling  0.  resupinata,  Terebratula 
reticularis,  a  Pondonomya,  and  a  Pleurotomaria,  There  is  a  very 
fine  and  well-preserved  Wiynchonella  amongst  the  collection,  remark- 
able for  retaining  the  original  chestnut-coloured  bands  of  the  shell. 

Other  Formations  of  the  Mackenzie  River  Basin, — Silurian  rocks 
of  Great  Slave  Lake  and  River  {Onondago  Salt  Group  of  Vanuxem 
and  Haiti). — After  passing  through  Lake  Athabasca,  the  Elk  River 
is  joined  by  the  Unjigah  or  Peace  River,  the  largest  tributary  of  the 
Mackenzie,  and  the  united  streams,  under  the  name  of  Slave  River, 
proceed  onwards  to  Slave  Lake  along  the  edge  of  the  district  of  cry- 
stalline rocks,  flowing  sometimes  through  limestone,  at'  other  times 
over  granite,  and  sometimes  between  the  two.  The  mouths  of  Slave 
River  open  into  Slave  Lake  between  the  limestone  and  granite.  The 
limestones  along  the  banks  of  this  stream  are,  like  those  of  the  Elk 
River,  highly  bituminous ;  but  they  are  chiefly  remarkable  from  their 
association  with  extensive  beds  of  compact  ffreyish  gypsum,  in  con- 
nexion with  extremely  copious  and  rich  salt-springs.  Where  they 
approach  the  crystalline  rocks,  they  are  found,  like  those  of  Lake 
Wmipeg,  to  be  highly  magnesian, — a  circumstance  which  may  deserve 
attention  with  reference  to  the  hypothesis  of  dolomization,  which 
regards  the  introduction  or  development  of  magnesia  as  subsequent 
to  the  deposition  of  the  calcareous  matter,  and  as  connected  with  the 
proximity  of  masses  containing  that  earth  and  heated  to  a  very  high 
temperature.  Among  the  fossils  collected  from  this  district  which 
are  in  the  British  Museum  are  Spirifer  crispus,  Dalm.  ?,  Rhyncko- 
nella  phoca,  Salter,  Atrypa  lavis,  Vanuxem,  Atrypa  reticularis,  an 

*  Bulletin  Soc  G^l  Fr.  2  S^r.  vol  iv.  p.  646. 
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OrthUy  two  small  Spirifers,  like  S,  trapezoidalu,  Dalm.  and  S.  pisum, 
Sow.,  and  fragments  of  an  Encrinital  stem  like  that  oi  Actinocrinua. 
Sir  George  Back,  on  his  expedition  down  the  Great  t^h  Riyer,  col- 
lected some  fragments  of  Corals  along  the  south  shore  of  Slave  Lake, 
which  were  considered  bj  Mr.  Stokes  and  by  Mr.  Lonsdale  to  belong 
some  to  Catenipora  ewharoidea,  and  one  to  the  genus  Stromatopora 
of  Goldfuss,  and  probably  to  his  species  <S.  polymorpha.  From  the 
circumstance  of  these  fossils  being  chiefly  Upper  Silurian,  it  has  been 
conjectured,  with  every  appearance  of  probability,  that  the  salt-springs 
ma^  belong  to  the  "  Onondago  Salt  Group "  of  the  ''  Helderberg 
division"  of  the  New  York  system. 

Car6<mi/erou8  Series  (Mountain  LimeMtonel), — Some  of  the 
organic  remains  procured  by  Sir  John  Richardson  on  a  previous 
expedition  from  otner  points  along  the  Mackenzie  River  would  appear 
to  indicate  an  ascending  order  in  some  of  the  deposits  of  that  district 
from  the  Devonian  hmestones  and  the  shales  containing  Tentaeulitet 
into  beds  of  Carboniferous,  or  perhaps  more  recent  age.  In  some 
specimens  from  the  limestone*  of  the  **  Ramparts  "  in  ue  lower  part 
of  Mackenzie  River,  brought  to  England  in  1826,  Mr.  Sowerby  dis- 
covered Terebratula  ephar<ndalis,  together  with  a  species  common 
in  the  carboniferous  limestone  of  Nehou  in  Normandy,  some  Productif 
and  a  Coral  of  the  genus  Amplexus.  From  other  parts  along  the  banks 
of  the  same  river  several  Terebratulte  were  procured,  one  resembling 
T.  resupinata,  one  Spirifer  acutus,  a  Cirrus,  some  Crinoidal  remains, 
and  Corals, — a  somewhat  perplexing  assemblage,  if  they  were  all 
collected  from  the  same  spot.  Most  probably  some  of  the  specimens 
had  been  derived  from  the  boulders  and  transported  fragments  with 
which  this  part  of  the  country  is  covered. 

Lignite  Formation. — The  difficulty  of  deci^ng  upon  the  age  of 
the  beds  through  which  the  lower  part  of  Mackenzie  River  flows,  is 
increased  by  the  occurrence  among  them  of  a  Lignite-formation, 
covered  in  parts  by  deep  beds  of  sand,  capped  by  boulders  and  gravel. 
The  soil  friable  shales  forming  the  bank  of  the  river  near  its  termi- 
nation in  the  Arctic  Sea  are  also  strongly  impregnated  with  alum. 
These  aluminous  shales  cover  a  large  portion  of  the  delta  of  Mackenzie 
River,  are  continued  along  the  banks  of  Peel's  River  to  the  foot  of 
the  Rocky  Mountains,  and  have  been  traced  for  a  considerable 
distance  along  the  coast,  and  also  alone  the  shores  of  Great  Bear 
Lake.  The  aluminous  shale  is  constantly  associated  with  the  bitu- 
minous formation,  into  which  it  often  passes. 

The  lignite-formation  is  still  more  extensively  developed  ;  and,  as 
the  occurrence  of  coal  in  any  form  in  these  high  latitudes  is  a 

*  The  limestone  of  the  "  Ramparts/'  which  appears  again  lower  down  at  a  spot 
called  the  "  Narrows/'  is  continued  in  a  westerly  direction  to  the  Rocky  Mountains, 
the  lower  elevations  of  which  are  composed  of  it  in  that  portion  of  the  range  through 
which  Feel's  River  takes  its  course.  It  has  all  the  characters  of  the  Mountain 
Limestone  of  English  geologists,— a  formation  extensively  developed  in  Russian 
America,  where,  as  will  be  subsequently  noticed,  it  has  been  clearly  identified  by 
its  organic  remains. 
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Juestion  of  much  interest,  I  shall  here  state  hriefl  j  the  results  of  Sir 
oha  Richardson's  obserrations  and  inquiries  on  the  subject,  to  which 
he  has  given  much  attention. 

The  Mackenzie  traverses  very  obliquely  the  basin  in  which  the 
lignite-formation  is  deposited,  while  Bear  Lake  Biver  cuts  it  more 
duectly  across ;  and  it  is  at  the  junction  of  these  two  streams  that 
the  formation  is  best  exposed.  It  there  consists  of  a  series  of  beds, 
the  thickest  of  which  exceeds  3  yards,  separated  by  layers  of  gravel 
and  sand,  alternating  with  a  fine-grained  triable  sandstone,  and  some- 
tames  with  thick  beds  of  day,  the  interposing  layers  being  often  dark, 
from  the  dissemination  of  bituminous  matter.  '*  The  coal,  when  re* 
oently  extracted  from  the  bed,"  says  Sir  John  Richardson,  ''is  massive, 
and  most  generally  shows  the  woody  structure  distinctly ;  the  beds 
appearing  to  be  composed  of  pretty  large  trunks  of  trees,  lying  hori- 
zontally, and  having  their  woody  fibres  and  layers  much  twisted  and 
contorted,  similar  to  the  White  Spruce  now  growing  in  exposed  situ- 
tions  in  the  same  latitude.  Specimens  of  this  coal  examined  by  Mr. 
Bowerbank  were  pronounced  by  him  to  be  decidedly  of  coniferous 
origin,  and  the  structure  of  the  wood  to  be  more  like  that  of  Finus 
than  Arauearia ;  but  on  this  latter  point  he  was  not  certain.  It  is 
probable  that  the  examination  of  a  greater  variety  of  specimens 
would  detect  several  kinds  of  wood  in  the  coal,  as  a  bed  of  fossil 
leaves,  connected  with  the  formation,  reveals  the  existence  at  the 
time  of  various  dicotyledonous  trees,  probably  Acerine€e,  and  one  of 

which  appears  to  belong  to  the  Yew  tribe." "  Different  beds, 

and  even  different  parts  of  the  same  bed,  when  traced  to  the  distance 
of  a  few  hundred  yards,  present  examples  of  '  fibrous  brown  coal,' 
'earth-coal,'  'conchoidal  brown  coal,'  and  'trapezoidal  brown 
coal.'  Some  beds  have  the  external  characters  of  a  compact  bitu- 
men ;  but  they  generally  exhibit  on  the  cross  fracture  concentric 
layers,  although  from  their  jet-like  composition  the  nature  of  the 
woody  fibres  cannot  be  detected  by  the  microscope.  Some  pieces 
have  a  strong  resemblance  to  charcoal,  in  structure,  colour,  and 
lustre.  Very  freaueutly  the  coal  may  be  named  a  'bituminous 
slate,'  of  which  it  nas  many  of  the  lithological  characters ;  but,  on 
examination  with  a  lens,  it  is  seen  to  be  composed  of  comminuted 
woody  matter  mixed  with  clay  and  small  imbedded  fragments  resem- 
bling charred  wood.  From  the  readiness  with  which  the  coal  takes 
fire  spontaneously,  the  beds  are  destroyed  as  they  become  exposed  to 
the  atmosphere,  and  the  bank  is  constantly  crumbling  down ;  so  that 
it  is  only  when  the  debris  have  been  washed  away  by  the  river  that 
good  sections  are  exposed  *." 

*  With  reference  to  the  loathem  portion  of  this  coal-field,  where  it  is  exposed 
in  the  valley  of  the  Saskatchewan,  Sir  George  Simpson,  Governor  of  the  Hudson's 
Bay  Territories,  has  the  following  remarks,  in  his  '  Narrative  of  an  Overiand  Jonr- 
ney  round  the  World,'  vol.  i.  p.  162 : — 

'*  Near  Fort  Edmonton  a  seam  of  coal,  about  10  feet  in  depth,  can  be  traced  for 
a  very  considerable  distance  along  both  sides  of  the  river.  This  coal  resemblea 
slate  in  appearance ;  and,  thongfa  it  requires  a  stronger  draught  of  air  than  that  of 
an  ordinai7  chimney,  yet  it  is  found  to  answer  tolerably  well  for  the  blacksmith's 
forge.    Petrifactions  are  also  found  here  in  abundance,  and  at  the  Fort  there  was 
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Fonnations  siniilar  to  that  fonnd  on  Mackenzie  Birer  extend  sonth* 
ward  along  the  eastern  base  of  the  Rocky  Mountains,  as  far  as  the 
Saskatchewan  Riyer.  Sir  John  Richardson  gives  a  detailed  account 
of  the  various  localities  between  these  two  points  in  which  beds  of 
coal  have  been  exposed, — all  pointing  to  the  existence  of  a  vast  coal- 
field, skirting  the  base  of  the  Rockj  Mountains  for  a  very  great  ex- 
tent, and  continued  probably  far  into  the  Arctic  Sea,  where,  as  is 
well  known,  lignite,  apparently  of  a  similar  character,  has  recently 
been  discovered  by  Captain  M'^Clure  in  the  same  general  line  with  the 
localities  above  mentioned*.  In  the  coal  of  Jameson  Land,  lying  in 
north  latitude  71°  (on  the  east  side  of  Greenland),  and  in  that  of  Mel- 
ville Island,  in  latitude  75°  north.  Professor  Jameson  found  plants 
resembling  those  of  the  coal-measures  of  Britain ;  and  similar  re- 
mains have  been  more  recently  discovered  by  Mr.  Dana  in  the  coal- 
fields of  Or^n  and  Vancouver's  Island.  These  facts  are  sufficient 
of  themselves,  as  is  remarked  by  Sir  John  Richardson,  to  raise  a 
world  of  conjecture  respecting  the  condition  of  the  earth  when  these 
ancient  fossils  were  living  pkmts.  If  the  great  coal-measures,  con- 
taining similar  vegetable  forms,  were  deposited  at  the  same  epoch  in 
distant  localities,  there  must  have  existed  when  that  deposition  took 

a  pure  stone  which  had  once  been  a  log  of  wood  about  6  feet  in  length  and  4  or  5 
in  girth,  the  resemblance  being  so  complete  as  even  to  deceive  the  eye.'' 

Sir  Alexander  M^Kenzie  traoied  the  same  formation  along  the  upper  parts  of  the 
Peace  River ;  and  it  has  been  found  by  the  traders  of  the  Hudson's  Bay  Company 
at  several  intermediate  points  alon^;  the  same  general  line ;  leading  to  the  condu^ 
sion  that  the  formation  in  question  is  continuous  and  uninterrupted. 

*  Similar  deposits  to  those  discovered  by  Capt.  M'^Clure  have  been  found  in 
the  New  Siberian  Islands,  and  are  thus  described  in  Wrangell's  Polar  Voyages : — 
*'  Of  these  [speaking  of  the  deposits  of  fossil  wood  in  the  New  Siberian  Islands] 
Hedenstrom  obseryes  in  another  place,  '  On  the  southern  coast  of  New  Siberia 
are  found  the  remarkable  Wood  Hills.  They  are  30  fathoms  high,  and  consist  of 
horizontal  strata  of  sandstone,  alternating  with  strata  of  bituminous  beams  or 
trunks  of  trees.  On  ascending  these  hills,  fossilized  charcoal  is  everywhere  met 
with,  covered  apparently  with  ashes ;  but,  on  closer  examination,  this  ash  is  also 
found  to  be  a  petrifaction,  and  so  hard  that  it  can  scarcely  be  scraped  off  with  a 
knife.  On  the  summit  another  curiosity  is  found,  viz.  a  long  row  of  beams,  re- 
sembling the  former,  but  fixed  perpendicularly  in  the  sandstone.  The  ends,  which 
project  from  7  to  10  inches,  are  for  the  greater  part  broken.  The  whole  has  the 
appearance  of  a  ruinous  dyke.'  Lieut.  Anjou,  who  likewise  examined  these 
Wood  Hills,  says,  '  They  are  merely  a  steep  declivity,  20  fathoms  high,  extending 
about  five  wersts  along  the  coast  In  this  bank,  which  is  exposed  to  the  sea, 
beams  or  trunks  of  trees  are  found,  generally  in  an  horizontal  ])osition,  but  with 
great  irregularity,  fifty  or  more  of  them  together,— the  largest  being  about  10 
inches  in  diameter.  The  wood  is  not  very  hurd,  is  friable,  has  a  black  colour  and 
a  slight  gloss.  When  laid  on  the  fire,  it  does  not  bum  with  a  flame,  but  glim- 
mers, and  emits  a  resinous  odour.' " — (Narrative  of  an  Expedition  to  the  Polar 
Sea,  by  Admiral  F.  von  Wrangell,  of  the  Russian  Imperial  Navy,  in  1820-23. 
(Edited  by  E.  Sabine)  Introd.  p.  cxviii.) 

The  "  charcoal "  and  *'  ashes  "  are  no  doubt  the  result  of  the  spontaneous  com- 
bustion of  the  lignite,  as  is  the  case  with  the  lignite  deposits  at  Bear  Lake  and 
other  parts  of  the  Hudson's  Bay  Territories,  where  they  take  fire  on  being  exposed 
to  the  air,  and  have  been  observed  burning  for  the  last  hundred  years.  The 
Wood  HiUs  in  the  New  Siberian  Islands  are  in  the  same  general  line  with  the 
lignite  extending  along  the  Rocky  Mountains,  and  with  the  wood  deposits  dis- 
covered by  Ci^.  M'CIure. 


Digitized  by 


Google 


514  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [May  16, 

place  a  similarity  of  condition  of  the  North  American  Continent  from 
latitude  75*^  down  to  45°. 

Elevatory  Movements;  and  Pleistocene  deposits. —  Into  such 
questions,  however,  as  the  ahoye,  or  into  the  discussion  of  the  variouB 
hypotheses  by  which  the  elevations  and  depressions  of  the  surface  of 
these  vast  territories  may  be  accounted  for,  it  is  beyond  the  province 
of  the  present  paper  to  enter ;  nor,  in  the  present  state  of  our  know- 
ledge, would  a  summary  of  this  kind  admit  of  the  necessary  elucida- 
tion. I  shall  merely  say,  that,  adopting  the  opinion  of  Sir  John  Ri- 
chardson and  the  geologists  of  the  United  States,  that  "  the  eastern 
portion  of  the  continent  was  first  elevated,  and  that  the  older  rocks 
on  the  west  were  subsequently  overlaid  by  newer  deposits,"  I  con- 
sider that  the  great  mass  of  the  underlying  formations  surrounding 
Hudson's  Bay  are  wholly  palaeozoic,  and  that  the  currents  or  waves 
of  translation,  if  such  there  were,  must  have  had  an  easterly  direction 
in  these  latitudes,  and  gained  strength  as  they  rolled  towards  the 
Atlantic,  when  they  swept  away  wholly  or  partially  the  fossiliferous 
deposits  that  covered  the  older  rocks  of  Hudson's  Bay,  Canada,  and 
the  eastern  parts  of  the  United  States ;  the  former  extent  of  the  newer 
rocks  being  indicated  by  the  patches  which  remain.  The  only  recent 
formations  overlying  the  Silurian  rocks,  which  have  been  hitherto 
discovered  along  the  eastern  coasts  of  Arctic  America,  are  patches 
of  pleistocene  deposits,  with  marine  shells  of  existing  Arctic  species 
(Mya  truncata,  Saxicava  rugosa,  &c.)  ;  the  whole  crowned  by  an 
Immense  profusion  of  boulders  and  erratic  blocks.  The  country 
forming  the  Hudson's  Bay  Territories  is  too  flat  for  the  immense 
erratic  formation  extending  over  every  part  of  it  to  be  explained  by 
reference  to  the  motion  of  glaciers ;  and  I  think  it  is  more  probably 
due  to  the  action  of  icebergs  and  floating  masses  of  ice,  still  so  com- 
mon along  these  coasts,  and  which  are  without  doubt  performing 
at  the  present  day  precisely  a  similar  office,  in  strewing  the  bed  of 
the  ocean  in  which  they  are  found  with  the  fragments  transported 
from  the  adjacent  shores  *. 

With  reference  to  the  character  of  the  plebtocene  or  drift  forma- 
tion, it  may  be  mentioned  that  as  we  ascend  the  rivers  of  this  region, 
especially  along  the  basins  of  Lake  Winipeg  and  its  affluents  in  the 
prairie  districts,  the  sandy  and  clayey  deposits  are  found  to  abound 
with  land  and  freshwater  shells,  such  as  Unio,  Helix,  Pupa,  &c.,  of 
species  now  living  on  the  borders,  or  in  the  beds  of  the  rivers  and 
lakes.  The  cliffs  containing  those  shells  are  often  raised  more  than 
100  feet  above  the  present  levels  of  the  banks  of  the  streams,  and 
appear  to  be  ancient  lake-  or  river-terraces ;  leading  to  a  belief  that, 
great  as  is  the  present  extent  of  freshwater  surface  in  the  North 

*  Id  the  Appendix  to  Dr.  Scoresby's  *  Joamal  of  a  Voyage  to  the  Northern 
Whale  Fishery/  Professor  Jameson  enumerates  among  the  specimens  found  on  an 
iceberg  near  Cape  Brewster  the  following : — 

1.  Transition  clay-slate.  4.  Hornblende  mica-slate. 

2.  Slaty  talcose  granite.  5.  Gneiss. 

3.  Granular  felspar.  6.  Basaltic  greenstone. 
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American  Continent,  it  was  at  one  time  still  greater,  and  that  the 
existing  series  of  lakes,  from  the  St.  Lawrence  northward,  were  per- 
ha{)s  anciently  united  in  one  or  more  vast  freshwater  seas,  having 
their  western  margins  indicated,  perhaps,  hj  the  peculiar  elongated 
strip  occupied  bj  the  lignite-formation  previously  described,  which 
presents  precisely  the  appearance  which  would  result  from  a  lone  line  of 
shelving  beach,  piled  with  masses  of  drift-wood  accumulated  throueh 
loDg  successive  periods,  similar  to  what  is  now  found  covering  the 
shores  of  the  inland  lakes  and  portions  of  the  coasts  of  the  Arctic  Seas. 

It  has  been  stated  as  an  exemplification  of  the  wide  changes  which 
would  result  from  a  comparatively  small  alteration  in  the  present 
level,  even  of  such  mountainous  districts  as  Canada  and  the  North-east- 
em  States  of  the  Union,  that  **  a  subsidence  of  400  feet  would  cause 
the  waters  of  Lake  Ontario  to  flow  through  the  valleys  of  the  Mo- 
hawk and  Hudson  into  the  Atlantic,  and  at  the  same  time  convert 
Lake  Champlain  into  a  maritime  strait,  thereby  forming  islands  of 
the  States  of  New  York,  New  England,  and  Maine,  and  of  the  British 
Colonies  of  New  Brunswick  and  Nova  Scotia."  A  subsidence  of  one- 
fourth  of  that  amount  in  the  prairie  districts  of  the  Saskatchewan, 
continued  to  Great  Bear  Lake,  would  carry  the  waters  of  the  Missouri 
and  the  upper  portions  of  Churchill  and  Mackenzie  Rivers  into  Lake 
Winipeg,  and  convert  the  plain  country  bordering  on  the  Rocky 
Mountains  into  an  inland  sea.  Even  at  the  present  level  the  Missouri 
has,  twice  within  the  last  thirty  years,  inundated  the  valley  of  the  Red 
River,  flowing  into  Lake  Winipeg ;  while  it  is  a  common  occurrence 
for  the  country  through  which  the  lower  part  of  the  Saskatchewan 
flows  to  be  laid  under  water  for  a  distance  of  200  miles  above  its 
outlet  by  an  ordinary  spring-flood.  About  forty  years  ago,  in  a  sea- 
son remembered  especially  for  the  land-floods,  a  gentleman  in  the 
service  of  the  Hudson's  !Bay  Company  was  drowned  on  the  Froff 
Portage  (the  low  watershed  which  separates  the  Saskatchewan  and 
Churchill  Rivers);  by  his  canoe  upsetting  against  a  tree  in  passing 
from  one  stream  to  the  other. 

The  raised  beaches  of  Lake  Superior,  rising  in  four  or  five  succes- 
sive terraces  to  the  height  of  more  than  100  feet  above  the  present 
surface  of  the  water,  and  which  have  attracted  the  attention  of  Pro- 
fessor Agassiz  and  the  geologists  of  the  Canadian  Survey,  appear  to 
point  to  the  existence  at  some  former  period  of  a  much  greater  body 
of  water  in  this  lake,  at  least,  than  is  at  present  contained  in  it,  and 
are  to  some  extent  therefore  confirmatory  of  the  view  now  suggested. 

The  Eocene  basin  of  the  Upper  Missouri,  with  its  very  marked 
character  of  freshwater  deposition,  is  stated  by  Marcou  to  extend 
along  the  upper  waters  of  the  Saskatchewan  as  far  as  Mackenzie 
River.  I  have  no  knowledge  of  any  such  formation  myself,  although 
in  the  imexplored  territory  west  of  the  Winipeg  basin  there  is  un- 
doubtedly ample  room  for  its  development.  Its  existence,  if  esta- 
blished, would  lend  additional  probability  to  the  inference  deducible 
from  the  circumstances  previously  noticed  *. 

*  The  views  here  suggested  are  not  to  be  considered  as  prejadging  the  question 
so  ingeniously  developed  by  Mr.  W.  Hopkins,  and  supported  by  the  late  PrctfL  B. 
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Territories  West  of  the  Boeky  Mountaina, — Physical  Features, — 
"  The  great  contrast  between  the  east  and  west  sides  of  the  Rockj 
Mountains  has  been  often  mentioned, — the  one  abounding  in  sand- 
stone with  argillaceous  limestones,  without  Tolcanos  or  Tolcanic 
rocks,  while  on  the  other  side  recent  igneous  rocks  preyail  (basalts, 
basaltic  lavas,  and  trachytes)  *,  and  the  sandstones  are  comparativelj 
of  small  extent."  This  remark,  which  I  quote  from  the  learned  and 
beautiful  work  of  Professor  Dana,  'The  Qeol(^  of  the  United 
States  Exploring  Expedition  under  Commodore  Wilkes,'  will  pre* 
pare  the  reader  for  the  examination  of  a  country  of  a  different  cha- 
racter from  what  has  above  formed  the  subject  of  investigation. 

The  grand  features  of  the  country  on  the  Pacific  side  of  the  Rocky 
Mountains  arise  from  the  development  of  three  ranees  of  mountains, 
intersecting  the  country  in  a  direcdon  parallel  with  the  general  course 
of  the  coast-line.  Three  of  these  are  north  and  south  ranges, — ^the 
Coast  Ran^,  the  Cascade  Range,  and  the  Blue  Mountain  Range. 
The  first  hes  near  the  coast,  the  second  130  miles  inland,  and  Uie 
third  350  miles  from  the  sea. 

The  Cascade  Range  is  much  the  most  extensive  of  the  three,  and 
even  rivals  the  Rocky  Mountains  in  the  height  of  some  of  its  peaks. 
It  may  be  traced,  according  to  Professor  Dana,  far  into  California, 
and  northward  into  Russian  America ;  retaining  throughout  a  direc- 
tion nearly  parallel  with  the  coast.  It  terminates  northward,  accord- 
ing to  Grewin^k,  in  the  lofty  volcano  of  Mount  WrangeU,  in  lat. 
6^  N.,  where  it  blends  with  the  lateral  volcanic  range,  forming  the 
remarkable  promontory  of  Aliaska.  The  main  body  of  the  Cascade 
Range,  in  Or^n,  is  seldom  over  5000  or  6000  feet  in  elevation. 

The  Blue  Mountains  form  the  western  boundary  of  the  Valley  of 
the  Snake  River  (of  Lewis  and  Clarke),  flowing  into  the  Columbia. 
Immediately  to  the  north  of  this  river,  as  far  as  Fort  Colville,  they 
are  interrupted  by  an  extensive  level  tract ;  but  to  the  north  of  Fort 

Forbeiy  respecting  tbe  probability  of  tbe  pusage  of  tbe  Gulf  Stream  at  some 
former  period  up  the  valley  of  the  Mississippi  (Quart.  Jonro.  Geol.  Soc.  vol.  viii. 
p.  89,  &c.)f— ft  theory  of  the  highest  interest  aud  importance  in  acGOuntiI^;  for 
the  changes  of  temperature  and  climate  on  the  surface  of  our  globe,  and  which, 
though  based  by  its  author  upon  purely  physical  considerations,  is  in  harmony 
with  all  the  geological  facta  and  evidence  which  have  come  under  the  writer's 
notice. 

The  age  of  freshwater  accumulations  and  deposits  suggested  in  the  text  cornea 
much  nearer  to  our  ovm  times. 

*  Dr.  Grewingk,  in  his  Map  of  Russian  America,  assigns  the  localities  of  fifty- 
eight  active  volcanos  on  the  North-west  Coast  of  America.  They  lie  in  a  line 
running  from  the  north  end  of  Prince  of  Wales  Island,  in  lat.  5&*  N.,  following  the 
course  of  the  coast  through  the  peninsula  of  Aliaska  and  the  Aleutian  Islands. 
Many  of  their  summits  rise  into  the  region  of  perpetual  snow.  The  line  in  which 
the  volcanic  peaks  of  Aliaska  lie,  when  prolonged  to  the  eastward,  strikes  the  Big 
Beaver  Mountains  on  the  Yukon.  On  the  side  of  the  Atlantic,  modem  volcanic 
rocks  occur  in  Jan  Mayen's  Island  only,  whose  principal  mountain,  Beerenbeiig, 
rises  6870  feet  above  the  sea. 

I  have  been  recently  informed  that  the  Basquiau  HiUa,  which  lie  to  the  south 
of  Cumberland  House,  on  the  Saskatchewan  River,  are  volcanic,  and  that  an 
eruption  has  been  observed  there  within  the  last  year.  The  report  requires  con- 
firmation. No  other  example  is  known  of  the  existence  of  a  volcano  in  any  part 
of  America  east  of  the  Rocky  Mountains. 
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Colyille  there  is  a  range  of  heights,  which  extends  along  the  north 
hranch  of  the  Columhia  River,  and  may  he  considered  a  part  of  the 
same  general  chain. 

'  The  short  western  slope  of  the  continent  from  the  Rockj  Moan- 
tains  to  the  Pacific  differs  ft'om  the  eastern  in  its  river-valleys  heing 
all  more  or  less  transverse, — the  rivers  flowing  through  passes  or 
^rges  of  the  intersecting  ranges.  The  peculiar  wing-Hke  projection 
m  the  north,  towards  Afioa,  is  evidently  due  to  the  voleanic  cnain  of 
Aliaska,  which  runs  at  right  angles  to  the  Rocky  Mountains.  The 
great  transverse  valley  of  the  Yukon  (the  Kwichpack  of  the  Russian 
geographers)  lies  to  the  north  of  it.  The  Yukon  is  a  river  of  great 
magnitude,  prohahly  the  largest  river  in  America  flowing  into  the 
Pacific,  not  excepting  the  Columhia.  For  a  considerable  part  of  its 
course  it  flows  to  the  north,  but  afterwards  nearly  due  west,  through 
a  country  which,  as  far  as  can  be  judged  from  the  descriptive  notices 
of  it  hitnerto  collected,  closely  resembles  the  valley  of  the  Mackenzie, 
with  some  of  the  affluents  of  which  it  is  in  fact  connected ;  so  that 
here,  as  in  other  parts  of  the  Rocky  Mountain  Chain,  the  rivers  fall- 
ing into  opposite  seas  interlock  at  their  origin.  One  or  more  low 
chains  of  mountains,  formed  by  the  lateral  spurs  of  the  Rocky 
Mountains,  are  prolonged  along  the  Arctic  Coast,  north  of  the 
Yukon,  giving  origin  to  several  small  rivers  between  the  mouth  of 
the  Mackenzie  and  Point  Barrow. 

Oregon  Territory, — Our  acquaintance  with  the  geology  of  this 
district  is  very  limited,  and  does  not  extend  beyond  the  portion  of 
country  between  the  Coast  Range  and  the  sea,  explored  by  the  Expe- 
dition of  Commodore  Wilkes.  From  Mr.  Dana's  researches  it  appears 
to  be  occupied  chiefly  by  the  tertiary  formation,  which  is  found  at 
various  places  from  Pugef  s  Sound  to  San  Francisco  along  the  coast- 
section  of  Oregon.  The  rocks  of  this  formation  are  soft  sandstones, 
more  or  less  argillaceous  and  schistose,  and  clay-shales,  either  firm  or 
crumbling,  together  with  tufa  and  conglomerate.  The  sandstones 
and  shales  have  been  denuded  on  a  vast  scale.  Although  the  rocks 
are  nearly  or  quite  horizontal  wherever  examined,  there  are  no  plains 
on  the  coast-section  excepting  those  of  alluvial  origin.  Mr.  jDana 
considers  that  the  Coast  Range,  by  which  the  Pacific  coast  was  ele- 
vated, was  formed  while  igneous  action  was  going  on  in  the  interior, 
where  the  frequent  changes  of  the  river-basins  and  other  indications 
of  a  similar  land  afford  evidence  of  extensive  and  very  recent  vol- 
canic disturbance. 

The  fossils  collected  by  Mr.  Dana  were  examined  by  the  eminent 
conchologist  Mr.  T«  Conrad,  who  assigned  them  to  the  geological 
sera  of  the  Miocene.    They  are  comprised  in  the  following  list. 

JfomsiMM. 
1.  Vertebra  of  a  Cetacean. 

Fiihet. 

1.  Vertebra  of  a  species  of  Shark. 

2.  of  a  species  allied  to  Tregla. 

3. ,  cast  of;  species  not  distiDguisbable. 
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OvtteOM. 

CalliinasBa  Oregonensis.  Balanus. 

Moikuea. 

Mya  abrapta.  Fectunculiu  nitena. 

Thrada  trapezoides.  Area  devincta. 

Solemya  ventricosa.  Cardita  subtenta. 

Donax  ?  protexta.  Pecten  propatnlus. 

Venus  bisecta.  Terebratula  niteos. 

angustifrons.  Dolium  petrosnm. 

lamellifera.  Sigaretus  scopuloaua. 

brevilineata.  l^atica  saxea. 

Lucina  acutilineata.  BnUa  petrosa. 

Tellina  arctata.  Crepidula  pnerapta ;  and  sp. 

emacerata.  RosteUaria  indurata. 

albaria.  Cerithium  modiale. 

nasuta.  Baccinam  ?  devinctum. 

bitruncata.  Fusus  geniculiu. 

Nucnla  divaricata.  corpulentos. 

impressa.  Nautilus  angiistatus. 

Pectunculos  patulus.  Teredo  substriata. 

^kmodemu. 

Galerites  Oregonensis  (n.  sp.)* 

FottttHtni^^TUf  3  sp. 

Planit. 
Abies  ?  robusta;  Leaves  of  Lycopodium  ?,  Taxodium,  Snulax,  and  others. 

The  plants  were  found  near  the  mouth  of  Fraser's  River,  and  indi- 
cate prohablj  the  commencement  of  the  deposits  of  the  Carboniferous 
sera,  which  are  largely  developed  in  the  neighbouring  bland  of  Van- 
couver, and  along  the  coasts  and  islands  of  Russian  America. 

The  interior  of  Russian  America,  like  that  of  Oregon,  is  unexplored ; 
hut,  in  the  work  of  Grewingk  (Beitrag  zur  Kenntniss  der  orographi- 
schen  und  geognostischen  fieschaffenheit  der  Nbrd-West  Kuste  Ame- 
rika's),  and  in  the  Geological  Appendix  to  Capt.  Beechey's  Voyage 
to  Behjing's  Straits,  by  Dr.  Buckland,  we  have  a  tolerably  complete 
account  of  the  chief  formations  occurring  along  the  coast,  and  on  the 
neighbouring  islands,  from  52°  N.  lat.  to  Behriug's  Straits. 

The  only  representatives  of  the  palaeozoic  rocks  in  this  part  of 
America,  hitherto  discovered,  are  the  Mountain  Limestone,  and  other 
members  of  the  Carboniferous  series,  which  are  found  covering  the 
flanks  of  the  mountains  here  bordering  immediately  on  the  sea, 
and  prolonged  into  a  dense  archipelago  of  volcanic  islands,  several 
of  them  containing  active  volcanos,  which  skirt  the  entire  coast  from 
the  parallel  of  50°  northward. 

Dr.  Grewingk  has  given  in  the  Transactions  of  the  Mineralogical 
Society  of  St.  Petersburgh,  for  1848-9,  a  complete  list  of  the  organic 
remains  hitherto  discovered  in  Russian  America,  includii^  those  de- 
scribed in  the  Appendix  to  Captain  Beechey's  Voyage.  They  afford 
evidence  of  the  existence  of  the  following  formations, — the  Carboni- 
ferous, Jurassic,  Tertiary,  and  Drift,  which  have  been  traced  in 
detached  sections  along  the  coast ;  leavmg  much  still  to  be  desired. 
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howeyer,  before  a  complete  and  connected  yiew  of  the  geological 
structure  of  this  portion  of  the  American  Continent  can  be  obtained. 

Fossils  of  the  Carboniferous  Formation. — The  limestones  of  this 
formation^  which  have  been  traced  at  several  points  along  the  coast 
(see  Map,  PL  XIV.),  are  most  extensively  developed  in  the  N.E.  ex- 
tremity of  the  Continent,  where  they  occupy  the  greater  part  of  the 
coast-line  from  the  north  side  of  Kotzebue  Sound  to  within  a  few 
miles  of  Point  Barrow,  and  form  the  chief  constituent  of  the  lofty 
and  conspicuous  headlands  of  Cape  Thompson,  Cape  Lisbum,  and 
Cape  Sabme.  Near  the  last-named  cape  a  vein  of  excellent  coal  is 
exposed,  which  bums  with  a  good  heat  and  a  bright  flame.  The 
limestone  is,  according  to  Dr.  Bucklaiid,  scarcely  distinguishable  from 
the  Mountain  Limestone  of  Derbyshire.  Some  specimens  brought 
to  England  by  Captain  Beechey  were  found  to  contain  Litkostrotion 
hasaltiforme  (Cyathophyllum  basalti/orme,  Phil.  G.  Y.),  Flustra, 
Productus  Martini,  Dentalium,  several  varieties  of  Terebratula,  and 
a  great  abundance  of  Encrinital  fragments,  with  the  detritus  of  which 
the  rock  was  in  many  places  almost  entirely  made  up.  To  these 
Dr.  Grewingk  adds,  from  the  collections  of  Russian  explorers,  Cya- 
thophyllum  Jlexuosum,  Goldf.,  Turbinolia  mitrata.  His.,  Cyatho- 
phyUum  dianthum,  Goldf.,  and  SarcintUa,  together  with  some  Spiri- 
feriy  Orthiday  and  TerebratuUe. 

Remains  of  Coniferous  plants,  belonging  to  the  genera  Abies  and 
Taxodittm,  and  of  some  Ferns,  among  which  is  Neuropteris  acuti/olia, 
have  been  discovered  among  the  islands  along  the  S.  coast  of  Aliaska. 

A  specimen  of  Catenipora  escharoides,  found  in  a  rolled  fragment 
on  the  island  of  Sitka,  would  appear  to  indicate  the  existence  of  Si- 
lurian deposits  in  the  neighbourhood  ;  but  no  organic  remains  from 
rocks  of  this  formation  in  situ  have  hitherto  been  discovered. 

Jurassic  Fossils. — Four  fossils  found  in  Katmai  Bay,  on  the 
south  coast  of  the  promontory  of  Aliaska,  have  been  referred  by  Dr. 
Grewingk,  on  the  authority  of  M.  "Wosnessensky,  Curator  of  the  Zoo- 
logical Museum  of  the  Academy  of  Sciences  of  St.  Petersburgh,  to  the 
Jurassic  formation.  They  include  a  new  species  of  Ammonite,  A. 
Wosnessenskii,  Ammonites  biplexl,  Sow.,  and  fragments  of  Belem- 
nites  paxillosus  and  Unto  liassinus.  Myen  (Nov.  Act.  Phys.  torn, 
xvii.  pi.  47.  figs.  1  &  2)  figures  an  Ammonites  biplex  from  some  Ju- 
rassic deposits  at  the  foot  of  the  volcano  of  Maipu,  in  the  Andes,  S. 
of  Valparaiso,  which  cannot  be  distinguished  from  the  specimen  from 
Aliaska.  It  may  be  doubted,  however,  whether  upon  such  scanty 
evidence  the  existence  of  deposits  of  Jurassic  age  in  these  high  lati- 
tudes can  be  considered  as  established ;  no  other  indication  of  the 
existence  of  this  formation  having  been  hitherto  discovered  in  any 
part  of  North  America  north  of  the  United  States. 

Tertiary  Fossils. — Traces  of  the  Tertiary  formation  have  been  dis- 
covered at  various  points  between  Oregon  and  Aliaska,  but  not  be- 
yond.    This  striking  and  well-marked  division  of  the  coast  may. 
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therefore,  be  considered,  in  the  present  state  of  onr  information,  to  be 
the  northern  limit  of  the  extensive  Tertiary  formation  along  the  shore 
of  the  Pacific.  The  fossils  enumerated  by  Dr.  Grewingk  include  some 
well-lcnown  species  of  the  Tertiary  age  in  Europe ;  among  which  may 
be  mentioned  Cardium  Grcenlandicum,  Chemn.,  (7.  multieostatum, 
Fenerupis  PetitU,  Desh.,  My  a  arenaria,  TelUna  edentula.  Sow., 
Astarte  earrugata,  MytiluB  Middendorffi^  and  Ostrea  lonffirostrts, 
Lamk.  Some  new  spedes  of  the  same  genera  are  added  by  Dr. 
Grewingk,  together  with  some  forms  of  Saxieavti,  PectuneuluSy  Nu- 
culut  Pecten,  Crasaatella,  and  Fenus, 

Fouilt  of  the  Drift. — Organic  remains  of  the  Pleistocene  or  Drift 
Period  appear  to  be  much  more  numerous  on  the  west  than  on  the 
east  side  of  the  Bocky  Mountains.  The  cliffs  and  sand-banks, 
whereyer  they  have  be^  examined  along  the  coast,  abound  with 
recent  shells  of  the  genera  Cardium^  Fenus^  Turbo,  Murex,  SoUn^ 
Trockus,  Mytilus,  Mya,  and  TelUna.  Fossil  remains  of  MammaliOy 
especially  those  of  the  Mammoth,  are  likewise  abundant.  Teeth  of 
this  animal  have  been  discovered  on  the  banks  of  several  rivers  north 
of  Mount  St.  Elias ;  and  there  is  a  celebrated  locality  at  Escholta 
Bay,  in  Kotzebue  Sound,  where  the  thawing  and  wasting  of  the  frozen 
diffis  i&  continually  exposing  the  bones  and  tusks  of  Mammoths  and 
other  quadrupeds.  Dr.  fiuckland,  in  his  interesting  account  of  the 
specimens  collected  at  this  place  during  Captain  fieeche/s  Voyage, 
enumerates  fragments  of  bones  of  Mammoths  and  of  the  Urns,  Uie 
leg-bone  of  a  large  Deer,  and  a  cervical  vertebra  of  some  unknown 
animal,  different  from  any  that  now  inhabit  Arctic  America.  Along 
with  these  were  found  also  the  skull  of  a  Musk-ox  and  some  bones  of 
the  Rein-deer,  in  a  more  recent  condition  than  the  others.  Similar 
remains,  including  those  of  the  Mammoth,  have  likewise  been  dis- 
covered, according  to  Dr.  Grewingk,  at  Cape  Nugwuljinuk,  at  Bristol 
Bay,  and  at  Norton  Sound,  as  well  as  in  the  Pribulon  Islands,  and 
lastly  at  Unalaschka. 

The  vast  profusion  of  the  bones  and  tusks  of  the  Mammoth  in 
Siberia  and  the  adjacent  islands  is  well  known,  and  it  is  a  somewhat 
remarkable  circumstance  that  no  similar  remains  have  as  yet  been 
detected  in  the  corresponding  latitudes  of  America  to  the  east  of  the 
Rocky  Mountains.  !None  have  hitherto  been  found,  according  to  Sir 
John  Richardson,  in  the  Hudson's  Bay  Territories,  though  the  annual 
waste  of  the  banks  and  the  freouent  land-slips  would  have  revealed 
them  to  the  natives  or  fur-traders  had  they  existed  even  in  small 
numbers.  They  are  rare  also,  or  altogether  wanting,  in  Canada ; 
but  in  the  Valley  of  the  Mississippi  the  ''  bone-licks  "  are  well  known 
as  most  extensive,  and  as  furnishing  the  remains  of  many  new  species 
of  quadrupeds.  In  whatever  way  the  circumstance  may  be  accounted 
for,  it  seems  to  confirm  the  opinion  to  which  most  Ajnerican  geolo- 
gists have  arrived,  that  the  countries  on  the  eastern  and  western  sides 
of  the  Rocky  Mountains  have  been  elevated  at  different  periods  and 
under  different  geological  conditions. 


Digitized  by 


Google 


1855.]  C.  FORBES — NEW  ZEALAND.  521 

2.  On  the  Geology  </ Georgia,  United  States. 
By  W.  Bray,  Esq. 

[Commimicated  by  the  President.] 
(Abetract.) 
In  this  commnnication  the  author  gave  a  sketch  of  the  distrihution 
of  the  alluvial,  tertiary,  cretaceous,  paleozoic,  and  crystalline  for- 
mations of  the  State  of  Georgia,  through  which  he  had  lately 
trayelied. 


3.  On  the  Geology  of  New  Zealand  ;  with  Notes  on  its  Carbo- 
niferous Deposits.  By  Charles  Forbes,  Esq.,  Assistant 
Surgeon,  H.M.S.  Acheron. 

[Communicated  by  Sir  "H.  De  la  Beche,  F.6.S.] 

(Abrid2;ed.) 

Coast-line  of  South  and  Middle  Islands. — In  a  country  in  most 
places  so  difficult  of  access,  and  so  thickly  wooded,  as  New  Zealand, 
little  more  can  he  done  than  simply  to  specify  the  names,  and  as 
nearly  as  possible  the  rektive  positions,  of  the*  yarious  rocks  which 
present  themselves  along  the  sea-coast ;  for,  with  the  excepti6n  of  an 
occasional  landslip,  there  are  no  other  means  of  arriving  at  a  know- 
ledge of  the  geological  formation  of  the  country.  The  water-courses 
are  either  precipitous  torrents,  or  gentle  streams  flowing  through 
alluvial  deposits ;  in  no  case  showing  a  regular  and  well-defined  series 
of  sedimentary  rocks.  The  nearest  approach  to  such  a  section  was 
found  at  the  foot  of  Mount  Grey  in  Port  Cooper  Plains ;  it  will  be 
alluded  to  hereafler. 

The  rocks  which  appear  to  he  the  fundamental  rocks  of  the 
Middle  Island,  are — granite,  eneiss,  mica-slate,  clayslate,  and  other 
metamorphic  schists,  with  rocks  of  igneous  origin,  including  hasa]t» 
amygdaloid,  porphyritic  lavas,  volcanic  tuffs,  obsidian,  serpentine, 
and  greenstone  (jade).  Associated  with  these  on  the  sea^coast  are 
carhoniferous  deposits,  made  up  of  limestones  (generally  fossilife- 
rous),  sandstones,  grits,  shales,  and  seams  of  lignitic  and  imper- 
fectly formed  coal,  covered  in  most  places  by  a  remarkable  deposit 
of  gravel,  composed  of  water-worn  pehbles,  which  are  chiefly,  and  in 
some  places  entirely,  of  white  quartz.  This  deposit  in  many  places 
is  sevend  hundred  feet  in  thickness.  It  is  found  in  Massacre  and 
Blind  Bays,  at  the  Wairoa  Plain,  and  again  covering  the  plains  from 
Port  Cooper  district  to  below  Otago.  The  quart^pebbles  not  only 
cover  the  coal-beds  at  Massacre  Bay,  but  are  imbedded  in  the  coal ; 
as  is  also  the  case  in  the  lignite  of  Otago,  which  is  directly  overlaid 
by  this  pebble-deposit. 

The  centre  of  ue  Island  is  occupied  by  a  chain  of  mountains  com- 
posed of  crystalline  and  metamorphic  rocks.  As  far  as  is  known,  the 
tormer  show  themselves  only  in  the  extreme  south  and  south-west. 
Stewart's  Island  and  Roubouki  are  composed  almost  entirely  of  a 
dense  blue-coloured  granitic  rock,  containing  hornblende  in  the  place 
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of  mica.  The  filuff,  a  bold  promontory  on  the  opposite  side  of  the 
Straits,  is  composed  of  the  same  rock.  In  Stewart's  Island  this  rock 
is  penetrated  and  altered  by  the  intrusion  of  trap-dykes,  of  from  1  to 
3  leet  in  width,  passing  throueh  it,  and  ramifying  as  they  ascend. 

To  the  northward  of  the  filuff  an  extensive  plain  stretches  along 
the  sea-coast  in  a  N.E.  direction,  and  also  to  the  N.W.  as  far  as 
Jacob's  Biver,  where  the  level  country  ends.  The  coast  then  assumes 
a  high  and  broken  outline,  the  hills  rising  to  an  elevation  of  from 
2000  to  3000  feet.  Long  tracks  of  elevated  land  run  parallel  with 
the  coast,  and  have  the  appearance  of  horizontal  ridges ;  behind 
them  singular  dome-shaped  nills  arise,  as  if  from  inland  plains  or 
▼alleys ;  in  some  places  the  top  of  the  dome  is,  as  it  were,  cut 
smooth  off,  leaving  a  flat  tabular  top. 

Beyond  Windsor  Point,  and  towards  West  Cape,  the  coast  assumes 
a  different  character,  consisting  of  long  low  spurs  of  yellow  stratified 
sandstone,  stretching  seaward.  The  cliffs  are  in  some  places  500  feet 
high,  and  at  Preservation  South  Head,  North  Entrance,  the  forma- 
tion is  very  well  seen.  The  sandstone  cliffs  at  Preservation  Harbour 
very  much  resemble  those  in  the  neighbourhood  of  Sydney  and  New- 
castle, N.S.W.,  and  contain  coal.  Rounding  the  South  Head,  a 
broken  rocky  point  appears,  which  exhibits  a  good  section  of  the 
formatidn,  consisting  of  strata  of  quartzose  grit,  fine  sandstones,  shale, 
coal*,  and  a  bluish  trap-rock  with  a  slaty  fracture, — all  dipping 
N.E.  at  an  angle  of  45°.  The  faintest  traces,  however,  of  coal  are 
only  to  be  seen  here ;  apparently  the  thinning-out  of  the  uppermost 
seams.  Proceeding  along  the  beach  about  300  yards,  after  passing 
over  great  masses  of  sandstone,  intermixed  with  water-worn  boulders 
of  a  coarse  flesh-coloured  granite,  a  sandy  beach  is  reached,  and 
there  the  seams  of  coal  are  found  running  transversely  across  the 
sand  from  low-water  mark  towards  the  cliffs  of  sandstone  which  form 
the  sea-face  of  the  island,-  Preservation  Island  as  it  is  called,  on 
which  the  coal  shows  itself.  What  the  thickness  of  these  beds  may 
be,  where  they  are  covered  and  protected  by  the  overlying  sand, 
there  are  no  means  of  judging ;  wnere  they  show  themsefves  on  the 
beach  and  sides  of  the  cliffs,  they  appear  to  be  merely  the  thin- 
ninff-out  of  the  beds  or  a  basin-shaped  deposit  of  limited  extent,  for 
at  the  North  Head,  distant  about  one  mile,  they  again  show  them- 
selves in  the  same  way.  It  is  thus  seen  that  as  they  rise  on  the  difis 
on  either  side,  ther  become  gradually  lost  in  the  thinnest  veins. 

The  first  vein  of  any  size  which  occurs  on  the  beach  is  of  a  variable 
thickness,  of  from  6  to  10  inches.  The  shales  which  accompany  the 
coal  are  of  the  same  average  thickness  ;  they  are  hard  and  contain 
vegetable  impressions.  Above  them  lies  a  considerable  thickness  of 
grey  pepper-coloured  sandstone,  all  overlaid  by  a  coarse  quartzose 
grit,  in  which  are  imbedded  ironstone  nodules,  with  fragments  and 
thin  seams  of  carbonaceous  matter.  Between  the  several  seams  of 
coal  there  is  a  thickness  of  about  30  yards  of  shale  and  sandstone. 

No  limestones  were  found,  nor  fossiliferous  strata  of  any  kind, 
whereby  to  determine  the  age  of  the  deposit. 

*  For  th€  diaracter  of  this  coal  see  further  on,  p.  528. 
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The  monntains  which  honnd  the  view  idand,  rifling  in  rugged 
peaks  precipitouslT  from  the  sea  to  the  height  of  3000  feet,  and 
many  of  them  entirely  destitute  towards  their  summits  of  all  traces 
of  vegetation,  are  composed  of  a  coarse  flesh-coloured  granite,  and 
are  part  of  that  series  of  mountain-ranges  which  form,  no  doubt,  the 
axis  of  eleyation  of  the  south-west  and  western  coasts.  Besting  on 
their  flanks  are  metamorphic  rocks;  and  a  dark  blue  trap  with  a 
nhty  fracture  forms  numerous  islands  in  the  harbour,  and  immediately 
underlies  the  coal-deposits. 

The  sandstones  of  Preservation  Harbour  are  continued  into  Chalky 
Bay,  where  the  white  surfaces  of  the  decomposing  difls  appear  like 
the  chalky  cliffs  of  the  English  Channel,  and  hence  the  name  of  the 
bay.  From  Chalky  Bay  to  Milford  Haven,  the  formation  of  the  coast 
is  one  uniform  succession  of  lofty  rugged  mountaias ;  peak  rising 
above  peak  as  far  as  the  eye  can  reach  inland.  The  coast,  trending 
to  northward  and  eastward,  is  cut  iip  mto  numerous  harbours,  run- 
ning at  right  angles  with  the  line  of  coast,  which  are  separated  by 
predpitous  ridges  of  from  2000  to  4000  feet  elevation,  running  in  a 
N.  W.  to  a  S.£.  direction.  These  harbours,  which  are  of  immense 
depth,  in  some  places  200  fathoms,  vary  from  half  a  mile  to  about 
two  miles  in  width  at  the  mouth,  and  penetrate  from  eight  to  fifteen 
or  twenty  miles  into  the  interior.  A  transverse  ridge,  following  the 
line  of  coast,  seems  to  have  existed  thjroughout,  for  in  all,  the  depth 
of  water  is  much  less  at  the  mouth,  and  in  many  of  them  one  or  two 
islands  lie  across  the  mouth.  The  ravines  or  cracks  forming  these 
rift^like  harbours  are  no  doubt  to  be  ascribed  to  an  elevating  force, 
the  axis  of  which  exists  in  the  south-west  point  of  the  Island,  inland 
from  Dusky  and  Chalky  Bays.  The  mountains  rise  precipitously 
from  the  sea,  covered  with  a  thick  vegetation  two-thirds  of  the  way 
up.  Where  Uie  timber  ceases,  a  coarse  wiry  grass  succeeds ;  and 
immense  masses  of  bare  rock  form  the  summits.  Where  the  moun- 
tains meet,  at  the  heads  of  the  harbours,  the  torrents,  which  con- 
stantly flow  over  their  weather-worn  faces,  have  formed  a  level  plain 
of  limited  extent,  formed  by  the  detritus  and  boulders  washed  down 
from  the  decomposing  rocks.  A  thick  growth  of  timber  and  un- 
derwood covers  these  plains,  and  affords  shelter  to  the  Kiwi,  the 
Kakapo,  and  the  Weka.  Mountain-torrents,  runmng  over  immense 
boulders  of  granitic  and  igneous  rocks  of  various  kinds,  bring  down 
the  finer  particles  and  deposit  them  in  the  sea,  filling  up  the  harbours 
and  affording  a  limited  anchorage. 

The  rocks  that  are  found  in  all  these  harbours  are  identical,  and 
are  granitic  rocks  of  various  kinds  (containing  in  some  cases  large 
square  crystals  resembling  garnet  in  colour),  gneiss,  mica-slate,  mi- 
caceous schists  abounding  in  garnets,  slaty  metamorphic  rocks,  horn- 
blende-rock, which  forms  the  great  mass  of  Breaksea  Island,  and 
many  rocks  of  the  same  character,  passing  one  into  the  other.  At 
the  entrance  of  the  harbours,  on  eacn  side,  are  found  the  slaty  meta- 
morphic rocks  tilted  at  a  high  angle,  dipping  to  the  N.W.  towards 
the  head  of  the  harbour,  and  at  the  head,  where  the  ridges  join, 
these  are  found  to  rest  on  the  granitic  and  other  crystalline  rocks. 
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At  Milford  Haven,  the  mountains  rise  bare  and  precipitous  to  the 
height  of  6000  feet.  Indications  of  copper  have  been  met  with ;  and 
here  the  "  ponamoo  "  of  the  natives,  the  jade  or  nephrite  of  mineral- 
ogists, is  found. 

To  the  northward  of  Milford  Haven,  the  coast-line  chan^  its 
character,  the  mountain-ranges  trending  off  to  the  N.E.,  leavmg  in 
some  places,  as  at  Jackson's  fiay,  a  level  tract  between  their  base  and 
the  sea-coast ;  and,  aa  we  advance  still  farther  to  the  northward,  fine 
valleys,  surrounded  by  undulating  grassy  hills,  present  themselves. 
Considerable  streams  are  said  to  run  through  these  valleys,  but  none 
are  navigable. 

Approaching  Cape  Farewell  in  the  neighbourhood  of  South  Wan- 
ganni,  we  come  upon  a  carboniferous  formation,  consisting  of  beds  of 
sandstone  and  limestone  (both  fossiliferous),  shales,  and  beds  of  coal  *, 
This  formation  occupies  the  whole  of  the  N.W.  extremity  of  the 
Island,  extending  across  to  Massacre  Bay,  where  the  coal  crops  out 
on  the  sea-beach,  under  a  line  of  cliffs  composed  of  clay  and  gravel. 
Beds  of  shale  alternate  with  the  coal ;  some  of  the  seams  of  the  latter 
are  4  feet  in  thickness,  dipping  to  the  eastward.  Immediately  over- 
lying the  uppermost  seam  of  coal  is  a  layer  of  gravel,  composed  of 
water-worn  pebbles  of  a  beautiful  white  quartz ;  and  this,  as  has 
been  already  stated,  is  found  overlying  all  tne  carboniferous  deposits 
in  the  island.  The  fossils  found  in  the  limestone  and  sandstones  are 
apparently  of  the  tertiary  period ;  Terebratula,  Ostrea,  Peeten,  and 
Cardium  are  amongst  the  most  common. 

Quartz-rock  occurs  in  detached  masses  in  the  neighbourhood ;  bat 
the  basement  rock  of  the  district  appears  to  be  granitic^  made  up  of 
fragments  of  an  older  rock,  mixed  with  large  crystals  of  hornblende : 
this  is  found  extending  from  Torrent  Bay  to  near  Motowaka. 

At  the  head  of  Bhnd  Bay,  the  Waimea  Plain  extends  between 
the  ridges  of  mountains  which  stretch  away  to  the  south-west,  and« 
like  all  the  plains  of  New  Zealand  (Middle  Island),  is  formed  by  an 
immense  deposit  of  gravel.  This  consists  of  water-worn  pebbles  and 
boulders  of  quartz  and  trap,  with  some  yellow  day ;  the  quartz  in 
some  instances  is  beautifully  coloured.  A  thin  covering  of  loam 
overlies  the  gravel,  and  the  soil  is  generally  poor,  except  in  the 
neighbourhood  of  tiie  Waimea  River,  where  there  is  a  fertile  alluvial 
deposit.  In  the  neighbourhood  of  Nelson,  a  fossiliferous  sandstone 
is  found,  and  seams  of  lignite  and  shale  occur. 

Passing  Nelson,  along  the  eastern  side  of  Blind  Bay,  the  slate 
formation  which  characterizes  the  whole  south  side  of  Cook's  Straits 
begins, — clay-slates,  traps,  intruded  masses  of  serpentine,  veins  of 
quartz,  &c.  At  Nelson  and  Greville  Bay,  an  immense  boulder-bank, 
running  parallel  with  the  coast-line,  crosses  each  harbour ;  at  Nel- 
son it  IS  some  miles  in  length.  It  is  difficult  to  account  for  this, 
otherwise  than  by  conceiving  it  to  be  the  remains  of  a  ridge  of  hills 
which  have  been  worn  down  by  the  action  of  the  weather ;  and  such 
ridges  are  actually  to  be  seen  running  in  the  same  direction  along 
the  coast.  In  all  the  harbours  of  the  south  side  of  Cook's  Straits, 
*  For  the  character  of  this  coal  see  further  on,  p.  528. 
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a  yellow  clay-Blate  oocare,  in  some  places  intersected  by  veins  of 
quartz.  In  Port  Underwood  the  slate  is  blackish-blue,  and  ap- 
proaches somewhat  to  roofing-slate. 

From  Port  Underwood  to  Cape  Campbell,  a  plain  of  the  same  cha- 
racter as  the  Waimea  is  found.  Towards  the  limestone  countiy  of 
Cape  Campbell,  grassy  downs  are  the  prevailing  features  of  the 
ooontiy.  The  limestone  which  occurs  there  resembles  chalk,  con- 
tains mnts,  and  is  fossiliferous ;  a  large  species  of  Area  and  another 
of  Cardium  often  occur.  The  bones  of  the  Moa  are  often  found  here. 
To  the  southward  of  Cape  Campbell  the  great  range  of  the  Kaikoras 
mountains  approaches  the  sea ;  but  a  narrow  belt  of  the  chalky  lime- 
stone continues  to  form  the  sea-coast  down  nearly  to  Double  Comer, 
where  the  limestone  is  replaced  by  a  calcareous  and  sometimes  sand^ 
shell-rock,  and  by  a  tertiary  blue  clay  with  shells.  The  limestone  is 
associated  with  a  white  sandstone,  and  with  a  lignitic  deposit  which 
exists  a  short  distance  inland.  From  Double  Comer,  the  Port  Cooper 
Plains  extend  to  the  southward,  bounded  inland  by  a  range  of  moun- 
tains, thirty  to  fifty  miles  distant  from  the  searcoast.  Here  again 
the  same  mvel  formation  exists,  covered  by  alluvial  deposits  in  the 
neighbourhood  of  the  rivers.  The  plains  are  much  cut  up  by  im- 
mense dry  water-courses,  down  which  the  mountain-torrents  must  at 
one  time  have  rushed  in  great  floods.  The  rocks  found  in  these 
river-beds  are  quartz  (of  diSerent  colours),  jasper,  slates,  and  granitic 
and  trap  rocks. 

In  ascending  the  bed  of  the  river  Kohai  to  the  foot  of  Mount 
Grey,  which  lies  about  ten  miles  inland,  and  has  an  elevation  of 
about  3000  feet,  the  first  cliffs  which  were  met  are  composed  of  beds 
of  coarse  sand,  or  fine  gravel,  alternating  with  argillaceous  deposits. 
At  one  cliff,  about  40  feet  hieh,  the  gravel,  composed  of  angular  frag- 
ments of  trap-rocks,  occurred  both  above  and  below  a  coarse  slightly 
cohesive  sandstone ;  the  strata  dipping  to  the  S.£.  About  two  miles 
farther  up,  the  cliffs  rose  to  the  height  of  from  300  to  400  feet,  and 
were  composed  of  a  coarse  sandy  gravel.  The  pebbles  in  the  bed  of 
the  mer  were  now  mixed  with  masses  of  white  sandstone,  and  of 
puddingstone  or  conglomerate,  formed  by  the  cementing  together  of 
small  pebbles  by  the  oxide  of  iron.  Here  we  found,  on  the  right 
bank,  a  stratum  of  hard  blue  clay,  containing  an  immense  number  of 
marine  shells ;  (ktrea^  MytUu8,  Cardium,  '^rritella,  Cerithium,  7V- 
rebratuUty  AncUlaria,  Valuta,  &c.  were  in  great  abundance.  The 
day-bed  was  18  inches  thick,  lying  under  a  thickness  of  20  feet  of 
coarse  sandstone,  with  a  dip  to  the  S.E.  at  an  angle  of  35°. 

Proceeding  along  the  bed  of  the  river,  in  which  were  many  spe- 
cimens of  sihdfied  wood,  we  found  this  shelly  deposit  occurring  both 
on  the  right  and  on  the  left  banks ;  but,  although  the  shells  them- 
selves were  identical,  there  was  a  remarkable  difference  in  the  con- 
ditions of  their  imbedding.  The  shells  on  the  right  bank  appear  . 
to  have  been  deposited  in  blue  mud,  which  haa  now  become,  nom 
their  decomposition,  and  by  the  pressure  of  the  overlying  masses  of 
sandstone  (in  some  places  400  feet  in  thickness),  a  dense  hard  blue 
limestone;  while  on  the  left  bank,  the  shells  are  deposited  in  a 
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sandj  mad,  lying  upon  and  coyered  by  strata  of  irr^olarly  worn 
pebbles  of  trap.  The  shells  themseWes  are  very  friable,  powdering 
away  in  the  hand,  but  leaving  a  perfect  cast  in  the  matrix.  While 
the  cliffs  on  the  right  hand  rise  to  a  height  of  400  feet,  nowhere 
on  the  left  do  they  exceed  100.  These  shelly  deposits  are  now  ten 
miles  inland,  and  are  at  an  elevation  of  300  feet  above  the  sea-level. 
The  mode  in  which  they  have  been  deposited  gives  a  striking  example 
of  many  changes  in  the  nature  of  the  sea-bottom  succeeding  each 
other,  at  apparently  regular  intervals,  for  each  bed  has  the  same 
average  thickness.  The  shells  have  been  deposited  in  a  blue  clay 
exactfy  like  what  at  the  present  day  forms  the  bottom  of  nearly  aU 
the  harbours  of  New  Zealand,  while  the  alternating  beds  containing 
no  shells  are  made  up  of  an  arenaceous  clay. 

Up  towards  the  foot  of  Mount  Grey,  the  bed  of  the  stream  gra- 
dually becomes  narrower,  and  is  obstructed  by  great  boulders  of  a 
white  sandstone,  made  up  of  fine  particles  of  white  quartz.  Mount 
Grey  appears  to  be  composed  of  an  arenaceous  rock,  much  altered 
by  heat,  but  the  specimens  obtained  were  not  good,  inasmuch  as  all 
the  rocks  which  appear  at  the  surface  in  New  Zealand  have  been 
repeatedly  under  the  action  of  fire  (from  bush  fires). 

The  bed  of  the  River  Caratai  leaves  the  S.W.  flank  of  Mount 
Grey,  and  we  found  the  cliffs  precipitous,  averaging  from  100  to 
300  feet,  and  composed  of  imperfectly  stratified  layers  of  sand  and 
greenish  mud.  These  beds  have  a  dip  to  the  N.W.,  and  they  overlie 
a  seam  of  lienite,  4  feet  thick,  dipping  in  the  same  direction.  The 
lignite  resembles  charred  wood ;  in  many  places  it  is  so  perfect,  that 
the  bark  remains  entire ;  while  in  others  the  central  portion  of  the 
stems  has  become  infiltrated  with  sand  and  mud.  Over  these  stra- 
tified beds  there  is  a  layer  of  gravel,  in  some  places  100  feet  thick, 
lying  unconformably.  This  gravel  forms  the  substratum  throughout 
the  plain.  The  greater  part  of  the  plain  must  at  no  very  ancient 
date  have  been  covered  by  dense  forest ;  isolated  patches  only,  at 
intervals  of  from  four  to  eight  miles,  now  remain ;  successive  fires 
have  gradually  diminished  their  limits,  fieds  of  semi-carbonized 
wood  are  found  in  the  alluvial  deposit  at  the  mouth  of  the  Wai 
Makredi,  the  principal  stream  north  of  Banks's  Peninsula. 

Banks^s  Peninsula  is  a  mass  of  lofty  mountains,  consistmg  of  me- 
tamorphic  slates,  traps,  basalt,  tuff,  porphyry  (daystone-porphviy 
with  felspar  crystals),  obsidian,  scorue,  &c.  The  soil  is  a  yellow 
arenaceous  day,  and  in  it  are  imbedded  many  specimens  of  the  Moa. 
There  is  abundant  evidence  to  prove  that  at  a  very  recent  period  the 
peninsula  was  an  island ;  it  is  connected  to  the  mainland  by  a  very 
narrow  neck,  and  this  neck  is  merely  a  succession  of  lagoons,  very 
slightly  elevated  above  the  sea-level.  These  lagoons  are  almost  con* 
tinuous  with  the  great  Waihora  Lake,  which  extends  round  the 
south-west  of  the  peninsula.  Inland,  about  two  miles,  there  is  a 
chain  of  sand-hills,  having  all  the  appearance  of  once  having  formed 
the  sea-shore ;  and  this  chain  extends  in  a  semicircle  from  the  mouth 
of  the  Wai  Makredi  to  the  Waihora  Lake.  These  facts  immediately 
in  connexion  with  the  peninsula,  combined  with  the  shelly  deposits 
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already  described  at  the  foot  of  Mount  Grey,  prove  that  a  consider- 
able elevation  of  the  land  has  taken  place,  and  that  a  very  slight 
depression  would  again  convert  the  peninsula  into  an  island. 

From  the  peninsula  to  Otago  the  plains  extend  almost  in  an  un- 
interrupted level.  Breaking  gradually  into  undulating  hills,  they 
terminate  in  the  slaty  district  of  Otago.  The  coast-line  of  this 
district  has  been  examined  by  Mr.  Walter  Manteli*. 

The  rocks  found  along  the  harbour  of  Otago  are  porphyries,  traps 
of  various  kinds,  hornblende-rock,  and  yellow  day-schist ;  the  de- 
composition of  the  latter  rock  forms  the  substratum  of  the  super- 
ficial vegetable  mould.  Inland  there  is  an  open  country,  composed 
at  first  of  undulating  hills,  covered  with  fern  and  grass,  terminating 
in  a  series  of  grassy  plains,  which,  running  between  lofty  hills,  pre- 
sent the  appearance  of  havins  at  one  time  been  arms  of  the  sea.  On 
a  hill  overlooking  the  first  of  these  plains  there  is  a  lignitic  deposit, 
at  a  considerable  elevation,  and  showing  itself  on  both  sides  of  the 
hill ;  it  appears  to  be  almost  horizontal,  and  is  overlaid  by  quartz- 
gravel,  pebbles  of  which  are  also  imbedded  in  the  lignite.  This 
lignite  is  supposed  to  have  some  connexion  with  the  coal  found  at 
the  Molvneux  River,  sixty  miles  to  the  south ;  but  no  opportunity 
occurred  to  investigate  this  point. 

Sandstones  underlie  the  lignitic  deposit ;  shales,  clay,  and  quartz- 
gravel  cover  it.  Twenty  miles  to  the  south,  slates,  traps,  and  shelly 
limestones  are  found.  In  the  immediate  neighbourhood  a  schistose 
rock  is  found  in  detached  masses  on  the  hill-side. 

A  broken  undulating  country  extends  from  this  point  to  Jacob's 
River,  already  alluded  to  ;  the  rocks  entering  into  its  formation  have 
not  been  examined. 

North  Island. — The  North  Island  of  New  Zealand,  in  its  geolc^cal 
formation,  differs  considerably  from  the  Middle  and  South  Islands. 
It  is  the  centre  of  both  extinct  and  active  volcanic  agency.  To  the 
north,  in  the  neighbourhood  of  Auckland,  volcanic  hills  with  perfect 
craters  abound,  Uie  face  of  the  country  is  covered  with  scoriae,  and 
evidence  of  elevation  of  the  land  exists. 

The  Great  Barrier  and  Kau-wow  Inlands  are  rich  in  copper. 
Metamorphic  rocks,  trap,  and  conglomerate  are  the  prevailing  rocks. 
In  the  centre  of  the  Isumd,  active  volcanic  action  exists ;  hot  lakes 
and  springs  are  numerous,  and  earthquakes  frequent. 

The  coast-line  of  the  north  side  of  Cook's  straits  is  chiefly  com- 
posed of  metamorphi(»  day-slate,  but  there  are  also  traps ;  and  at 
Cape  Palliser  there  are  said  to  be  fossils  200  feet  above  the  present 
sea-level.  The  tertiary  blue  clay  with  shells  is  also  fiound  m  this 
island,  and  appears  to  extend  from  Wanganni  to  the  Waidrop  Plain, 
in  a  south-east  direction ;  the  sheUs  are  identical  with  those  of  the 
Middle  Island. 

The  coal  found  at  Waikato  is  of  a  very  inferior  auality,  and  of 
much  the  same  character  as  the  Massacre  Bay  coat.  (l*or  parti- 
culars of  its  combustion  see  further  on,  p.  529.) 

*  Quart.  Jounk  GeoL  Soc.  vol.  yi.  p.  319,  &c. 
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NoteB  on  the  Coal, — Particalars  of  the  combustion  of  the  different 
specimens  of  coal  obtained  are  given  below.  The  mode  of  com* 
bustion  adopted  was  not  perhaps  the  best ;  but  it  was  the  onlj  oon- 
▼enient  one  on  board  ship,  and  it  gave  the  general  character  of  each 
Yarietj,  and  comparative  results.  There  is  no  evidence  whatever  to 
lead  to  the  hope  that  true  coal — coal  anything  like  that  of  the  coal- 
fields of  Great  Britain— exists  in  New  Zealand.  All  that  has  been 
found  partakes  of  the  character  of  that  of  the  tertiary  deposits  of 
Europe  and  elsewhere.  One  specimen  only  has  been  obtained  from 
the  North  Island :  it  has  much  the  same  character. 

Co€d  from  Preservation  Island. 

This  coal  is  of  a  different  .character  from,  and  apparentlj  of  a 
better  description  than,  any  of  the  other  coals  found  in  New  Z^Jand, 
and  presents  more  the  appearance  of  a  true  bituminous  coal ;  its 
colour  is  black,  with  a  somewhat  vitreous  lustre ;  fracture  irr^ular ; 
it  soib  the  fingers,  and  feels  heavy  in  the  hand ;  in  some  specimens 
great  quantities  of  pyrites  may  be  seen,  but  there  is  little  or  no  sul- 
phurous odour  during  its  combustion.  It  inflames  readily,  and  bums 
with  a  good,  strong,  persistent  flame :  210  grains,  burned  in  a  cru- 
cible under  the  blow-pipe,  gave  a  residue  of  good  cinder  weighing 
106  grains. 

Coal  from  the  Neighbourhood  ofMotopijpi,  Massacre  Bay. 

1.  This  coal  is  of  a  jet-black  colour,  with  a  vitreous  lustre;  Isr 
minar  in  its  structure ;  irregular  in  its  cross  fracture ;  exceedingly 
hard  and  difficult  to  break ;  some  portions  of  it  crepitating  when 
inflamed,  and  showing  distinct  evidences  of  the  presence  of  bitumi- 
nous matter  by  caking  and  throwing  out  jets  of  gas,  in  the  same 
manner  as  the  bituminous  coal  of  Newcastle,  N.  S.  W.  When  the 
flame  of  the  blow-pipe  is  apphed,  it  does  not  kindle  very  readily ; 
but,  when  kindled,  it  bums  with  a  strong,  clear,  and  persistent  flame 
— ^a  considerable  quantity  of  inflammable  gaseous  matter  being  given 
off.  Slight  sulphurous  odours  were  perceptible  on  the  first  appli- 
cation of  the  flame,  but  instantly  disappeared.  The  smoke  was 
without  peculiar  odour,  and  of  a  hght  yellow  colour.  The  time 
required  to  consume  210  grains  of  this  coal  under  the  blow-pipe  was 
very  considerable, — much  longer  than  that  required  for  any  other 
specimen  of  coal  as  yet  obtained  in  New  Zealand,  and -examined 
under  the  same  circumstances.  Durine  the  combustion,  a  white  ash 
is  formed  on  the  surface ;  and,  after  aU  the  volatile  and  inflammable 
matters  have  been  dissipatied,  a  friable  cinder  remains,  mixed  with  a 
black  charcoal-looking  powder,  which  continues  under  the  blow-pipe 
to  give  a  strong,  clear,  white  light,  with  considerable  heat.  The 
residue  amounted  to  96  grs. 

2.  The  quahty  of  this  coal  is  very  inferior ;  it  is  light,  and  of  a 
gr^ish-black  colour  externally ;  fracture  somewhat  resembling  that 
of  Cannel  coal,  but  with  a  vitreous  lustre ;  it  does  not  soil  the  fingers. 
When  immersed  in  water,  it  crepitates  loudly,  and  crumbles  rapidly 
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to  pieces ;  under  the  blow-pipe  it  burns  slowly  with  a  feeble  yellowish 
flame,  much  smoke,  and  strong  sulphurous  odour.  The  flame  is  not 
persistent,  and  the  residue  is  a  coarse  brownish-black  dnder.  If  the 
flame  of  the  blow-pipe  be  continued,  the  cinder  gradually  smoulders 
away,  leaidng  a  brownish-white  powder  mixed  with  some  semi-carbo- 
naceous particles :  210  grains  were  burned  in  an  earthen  crucible,  a 
residue  of  12  grains  of  this  powder  was  the  result.  The  specimen  of 
the  Massacre  Bay  coal,  whicn  was  tested  in  this  manner,  was  part  of  a 
mass  which  had  been  taken  two  years  before,  from  a  depth  of  8  feet 
below  the  surface,  during  the  whole  of  which  time  it  had  been  ex- 
posed to  the  action  of  salt  water  and  to  the  atmosphere,  conditions 
which  must  have  had  a  very  detrimental  effect  upon  its  quality. 

Coal  from  WaikatOy  West  Coast,  Northern  Island, 

This  coal  occurs  in  seams  lying  in  contact,  both  above  and  below, 
with  a  yellowish  argillaceous  sandstone.  Its  colour  is  a  greyish- 
black  ;  it  is  somewhat  vitreous  in  the  fracture.  A  piece  of  trap-rock, 
taken  from  a  ravine  200  feet  below  the  coal,  and  some  nodules  coated 
with  oxide  of  iron,  accompanied  the  specimens. 

On  submitting  the  coal  to  the  flame  of  the  blow-pipe,  it  bums 
with  a  clear  yellowish  flame,  a  moderate  quantity  of  volatile  matter 
escaping  in  the  form  of  smoke;  no  sulphurous  or  other  peculiar 
odour  is  perceptible.  The  flame  is  not  persistent,  the  carbonaceous 
and  volatile  inflammable  matters  being  quickly  consumed  or  dissi- 
pated, leaving  a  cinder,  which,  while  under  the  blow-pipe,  gives  a 
clear  white  tight,  without  smoke,  forming  at  the  same  time  a  small 
quantity  of  white  ash. 

This  coal  in  its  seneral  characters  resembles  the  Massacre  Bav 
coal ;  but,  judging  from  the  results  of  the  combustion  of  the  speci- 
mens now  under  consideration,  it  appears  to  be  of  a  better  quatity, 
and  more  fitted  for  genend  use,  than  any  we  have  seen  from  Mas- 
sacre Bay.  Circumstances,  however,  having  reference  to  the  local 
position  of  the  respective  beds  whence  the  specimens  of  each  have 
been  derived,  may  in  a  great  measure  explain  the  chief  differences 
observed,  namelv,  more  especially  the  absence  in  the  Waikato  coal 
of  any  traces  of  sulphur  ;  its  more  rapid  ignition  when  brought  in 
contact  with  flame ;  when  ignited,  its  burning  with  less  smoke,  and 
with  a  clearer,  stronger,  and  better  flame;  and  leaving  a  greater 
residue  of  carbonaceous  matter.  It  is  much  inferior  to  a  specimen 
of  coal  from  Newcastle,  N.  S.  Wales,  which  was  experimented  on. 
The  following  are  the  results  of  the  combustion,  under  the  blow- 
pipe, of  nearly  equal  weights  of  each  variety  of  coal  alluded  to,  care 
having  been  taken  that  the  conditions  of  the  combustion  in  each 
case  should  be  as  nearly  alike  as  possible : — 

From  Massacre  Bay 210  grs.  . .  residue  12  grs. 

„     Waikato   210,,     ..        „      32  „ 

„     Newcastle  (N.  S.  W.). .  220  „     . .       ,,126  „ 

Coal  from  Saddle  Hill,  Bunedin, 
This  coal  appears  to  be  a  variety  of  lignite  or  brown  coal ;  its 
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colour  is  brownish-blacky  with  a  faint  lustre  on  the  surfiioe ;  its 
fracture  is  earthy,  imperfectly  conchoidal ;  it  somewhat  resembles 
the  Bovey  coal  of  Deyonshire.  It  is  found  near  the  top  of  a  saddle- 
shaped  hill,  in  a  horizontal  bed,  which  is  exposed  to  the  depth  of 
10  feet,  covered  by  strata  of  soft  shales  about  4  feet  thick  m  all ; 
the  whole  covered  by  the  yellow  clay  soil  which  'is  almost  universal 
in  the  district.  In  the  ccral-seam  water-worn  pebbles  of  quarts  of  an 
elongated  form  have  been  found.  Masses  of  a  schistose  rock,  of  a 
greyish-fawn  colour,  are  found  on  the  hill  side,  but  there  is  no  suffi- 
cient section  by  which  to  form  an  opinion  of  the  nature  of  the  sab- 
jaceiit  rocks. 

Under  the  flame  of  the  blow-pipe  this  coal  takes  fire  readily, 
burning  with  a  rather  feeble  yellowish-red  flame,  and  a  gr^isa- 
coloured  smoke,  which  is  soon  dissipated,  leaving  a  charcoal-like 
cinder,  which  gives  a  clear  reddish-white  light,  and  oonciderable 
heat.  This  cinder  gradually  disappears  under  the  continued  action 
of  the  blow-pipe,  a  small  quantity  of  white  ash  forming  on  its  surface. 
A  peculiar  odour,  somewhat  smphurous,  at  times  was  perceptible. 
The  residue  of  210  grs.,  thus  consumed,  resembles  a  coarse  powdery 
charcoal,  and  weighs  28  grs.,  182  grs.  being  volatilized  in  the  process. 

In  the  results  of  the  examination  of  tins  coal,  there  is  a  aose  ap- 
proximation to  that  from  Waikato,  the  differences  being  as  near  as 
can  be  judged,  that  in  the  latter  there  was  a  greater  quantity  of 
smoke  and  less  heat  developed  than  in  the  former ;  the  amount  of 
residue  may  be  considered  as  alike  in  both,  4  grs.  being  all  the 
difference  between  them. 


4.  On  the  Geology  of  the  Port  Nicholson  District,  New 
Zealand.     By  James  C.  Crawford,  Esq. 

(Communicated  by  the  President.) 

[Abridged.] 

In  the  southern  end  of  the  Northern  Island,  metamorphic  or  grey- 
wacke  rocks  bound  the  shores  of  the  harbour  of  Port  Nicholson,  and 
constitute  the  range,  ^m  500  to  perhaps  2500  feet  high,  running  to 
the  N.N.E.  from  Port  Nicholson,  and  forming  abrupt  mountains  with 
precipitous  and  narrow  gorges.  The  stratification  is  irregular,  con- 
torted, and  sometimes  nearly  perpendicular.  The  rock  is  frequently 
siliceous,  sometimes  argillaceous,  and  is  often  traversed  by  veins  of 
quartz  and  by  igneous  rocks.  This  rsnge  is  continued  also  to  the 
S.S.W.  in  the  Middle  Island,  on  the  other  side  of  Cook's  Straits,  and 
appears  to  form  its  central  ridge. 

Between  the  greywacke  range  at  Port  Nicholson  and  the  western 
coast  are  tertiary  sands  and  clays,  probably  resting  on  the  greywacke 
rocks.  This  country  is  low  and  level,  until  reaching  Waneanni, 
1 10  miles  from  Wellington.  The  level  of  the  country  from  thence 
to  Taranahi  is  higher,  forming  cliffs,  in  which  the  strata  are  distinct 
and  fossil  trees  are  found  protruding  from  them. 
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On  the  east  also,  and  abutting  against  the  range,  are  stratified  ter- 
tiary beds  of  sand  and  clay  with  li^te  in  the  T^drarapa  yalley. 

Farther  to  the  east  occurs  a  fossiliferous  limestone,  which  rises 
into  mountain  ranges,  bounding  the  Wairarapa  valley,  and  appears 
to  be  also  of  tertiary  date,  but  older  than  the  former. 

The  low  coastrcountry  of  the  western  coast  is  bounded  on  the  shore 
by  a  strip  of  sand-dunes,  thrown  up  by  the  constant  N.W.  gales,  and 
varying  m  breadth  from  one  to  eight  or  ten  miles.  In  1841,  the 
author  observed  at  Manawatu  a  number  of  livine  trees  several  miles 
inland,  buried  halfway  up  their  stems  in  blown  sand.  The  rivers  on  this 
coast  all  form  bars  at  their  mouths,  and  flood  the  surrounding  country 
to  greater  or  less  extent ;  and  the  Ruamahunga  Biver,  draining  the 
Wairarapa  Valley  (east  of  Port  Nicholson),  a  district  about  sixty 
miles  in  length,  is  dammed  up  several  times  annually  by  the  accu- 
mulation of  sand  and  shingle  at  its  mouth  in  Palliser  Bay,  from  the 
effect  of  the  violent  S.£.  gales.  From  this  cause  the  two  lakes  into 
which  the  river  expands  near  its  termination  are  being  silted  up  by 
the  muddy  water  of  the  river.  The  lower  part  of  the  valley  or  the 
river  Hutt  or  Haeretonffa,  comprising  about  8000  acres,  is  entirely 
alluvial.  This  river,  which  flows  from  the  greywacke  range  into 
Port  Nicholson,  is  subject  to  frequent  floods,  and  pours  vast  quanti- 
ties of  detritus  into  the  harbour. 

Presumed  rite  of  the  land  in  recent  times. — ^At  the  height  of  about 
10  feet  above  high-water  mark,  the  rocks  of  Port  Nicholson  Harbour 
bear  a  honeycombed  appearance  attributable  to  former  sea-action. 
The  site  of  the  greater  part  of  the  town  of  Wellington  is  a  terrace  which 
has  evidently  been  formed  by  debris  brought  down  b^  small  streams 
and  torrents  from  the  hiUs,  and  spread  but  by  the  action  of  the  waves 
which  washed  the  shore.  The  highest  part  of  the  terrace  is  between 
80  and  100  feet  above  the  present  high-water  mark.  In  Tasman's 
Gulf  also  a  progressive  rise  of  the  land  is  apparent ;  much  land 
being  in  process  of  reclamation  at  Wakapuaka,  to  the  eastward  of 
Nelson. 

Fluctuation  in  the  height  of  the  land,  observes  the  author,  is  to  be 
looked  for  in  New  Zealand,  for  earthquakes  are  extremely  frequent, 
commg  from  the  direction  of  Tongariro,  the  great  central  volcano  of 
the  island,  and  decreasing  in  energy  as  they  recede  from  that  point. 
The  author  considers  that  it  would  be  well  worth  the  attention  of 
geologists  to  watch  the  level  of  the  land  in  New  Zealand.  A  tunnel 
which  he  cut  horizontally  from  high-water  mark  to  drain  fiumham 
Water  in  the  Peninsula,  near  Welungton,  will  form  a  good  mark  in 
that  locality. 

Sydney,  May  1848. 

[Note. — ^Tbe  geological  characters  of  several  localities  in  New  Zealand  are 
noticed  in  Dieffenbach's  '  Travels  in  New  Zealand,'  2  vols.  1843,  and  Swainson's 
*  New  Zealand/  1853.— Ed.] 
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5.  On  the  Fossil  Cranium  of  Dictnodon  tigricbps,  Owen, 
/rom  South  Africa.    By  Prof.  Owen,  F.R.S.,  F.G.S. 

(This  conmmnicatioii  will  be  published  in  fiill  in  the  4th  Part  of  the  7th  toL  of 
the  Society's  "  Transactions.") 

[Abstract.] 

In  this  paper  Professor  Owen  described  in  detail  the  cranial  bones  of 
a  large  species  of  Dieynodon*  from  South  Africa.  The  specimens 
described  were  transmitted  by  A.  6.  Bain,  Esq.,  to  England  io  1849, 
and  are  now  in  the  British  Museum.  The  skull  surpasses  in  size 
that  of  the  largest  walrus,  and  resembles  that  of  the  lion  or  tiger  in 
the  ffreat  development  of  the  occipital  and  parietal  ridges,  the  strength 
of  me  zygomatic  arches,  and  the  expanse  of  the  temporal  fossae, — 
all  indicating  the  possession  of  the  temporal  (biting)  muscles  as 
largely  developed  as  in  the  most  powerful  and  ferocious  of  the  car- 
nivorous mammalia.  Hence  Prof.  Owen  names  this  species  Diey- 
nodon  tigriceps.  Like  the  smaller  forms  of  Dicynodon,  already  de- 
scribed by  the  author,  this  species  has  two  long,  curved,  canine  tusks 
in  the  upper  jaw ;  the  jaws  being  otherwise  destitute  of  teeth. 


May  30,  1855. 

The  Rev.  J.  Knowles  and  James  M'Cann,  Esq.,  were  elected 
Fellows. 

The  following  communications  were  read : — 

1 .  Notice  of  the  Occurrence  of  a  Tidal  Phjbnombnon  at  Port 
Lloyd,  Bonin  Islands.    By  P.  W.   Graves,  Esq.,   H.M. 

Consul- Greneral  for  the  Sandwich  Islands. 

(Commnnicated  from  the  Foreign  Office,  by  order  of  the  Eari  of  Clarendon.) 
[Abstract.] 

At  Port  Lloyd,  west  side  of  Peel  Island  (one  of  the  Areobispo  or 
Bonin  Islands,  lat.  N.  27°  20',  long.  E.  141°  45'),  on  the  morning 
of  the  23rd  December,  1854,  a  sudden  rise  of  tide  occurred  to  the 
height  of  15  feet  above  high- water  mark.  It  then  immediately 
receded,  leaving  the  reefs  entirely  bare,  and  Ten  Fathom  Hole,  in 
which  our  vessel  was  anchored,  was  turned  into  a  complete  whirlpool. 
The  tide  continued  to  rise  and  fall  during  the  night  at  intervals  of 
fifteen  minutes,  gradually  lessening  in  force  until  evening,  when  it 
subsided  nearly  to  its  usual  level.  On  the  evening  of  the  25th,  the 
waters  were  again  agitated,  and  rose  to  the  heigfit  of  12  feet,  and  so 
continued  during  the  night.  On  the  morning  of  the  26th  the  tides 
became  regular. 

The  force  of  the  reflux  was  such  that  the  ''What  Cheer''  was 
dragged  from  her  anchorage,  and  was  carried  out  of  Ten  Fathom 
Hole  at  the  rate  of  8  miles  an  hour,  just  clearing  the  rocks  which  lay 

*  For  the  description  of  this  genus  and  the  species  previously  recognized  by 
Prof.  Owen,  see  Trans.  Geol.  Soc,  2nd  Ser.,  vol.  vii.  p.  59. 
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only  Bome  fifteen  feet  on  each  side  of  her^  and  barely  escaping 
destrnction. 

The  hooses  of  the  residents  were  more  or  less  injured,  and  some 
entirely  swept  away. 

Dunng  the  whole  time  of  the  occnrrence  of  this  phsenomenon^  the 
sky  wnA  clear>  the  wind  light  and  the  barometer  at  29*90.  There 
was  no  apparent  oscillation  of  the  earth. 

The  islands  themseWes  seem  to  have  undergone  great  changes  in 
former  times,  being  covered  with  detached  boulders  and  numerous 
caverns,  some  of  which  are  of  great  extent.  •  There  are  also  evidences 
of  the  island  having  been  formerly  at  a  lower  level  (at  least  to  the 
extent  of  50  feet),  from  the  uniform  ridges  of  coral  and  shells  which 
I  observed  at  that  height.  Pumice-stone  also  abounds,  and  the  resi- 
dents informed  me  that  some  years  ago  the  sea  was  covered  with  the 
evidences  of  volcanic  agency,  which  they  said  came  in  from  seaward. 

I  was  also  told  by  the  residents  that  these  ''bores"  occurred  at 
intervals  of  two  or  three  years,  but  they  have  never  known  the  tides 
during  such  phenomena  to  rise  over  four  feet. 

Sulphur  Island,  which  is  an  active  volcano,  and  which  lies  in  lat. 
N.  24°  48',  long.  £.  141°  13',  is  supposed  by  some  to  be  the  cause 
of  these  disturbances. 


2.  On  the  Possible  Extension  of  the  Coal-Measures  beneath 
the  South-eastern  Part  of  England.  By  R.  Godwin- 
Austen,  Esq.,  F.R.S.,  F.G.S. 

(The  publication  of  this  Paper  ia  deferred.) 
[Abstract.] 
From  the  valley  of  the  Ruhr  to  that  of  the  Scheldt,  near  Yalendennes, 
there  extend  for  1 70  miles  from  east  to  west  a  continuous  series  of 
productive  coal-measures,  which  are  placed  on  the  north  edge  of 
a  mass  or  ridge  of  older  formations,  the  |{rincipal  part  of  which 
is  known  as  the  Ardennes.  From  Valenciennes  the  coal-beds, 
covered  up  by  later  formations,  trend  to  the  north-west,  by  Douay, 
Bethune,  and  St.  Omer,  to  Calais,  beneath  which  last-named  place 
the  coal-measures  have  been  met  with  in  boring  for  water. 

Along  the  Ruhr  the  coal-measures  have  a  visible  breadth  of  at 
least  sixteen  miles,  and  extend  far  away  beneath  the  cretaceous 
deposits  of  Westphalia.  From  Aix-la-Chapelle  to  Namur  they  con- 
tract in  width,  owing  to  a  series  of  folds  which  they  have  undergone 
from  pressure  between  the  ancient  ridge  and  an  isolated  tract  of 
palaeozoic  rocks  in  Central  Belgium  to  the  north,  which  the  author 
described  in  detail.  From  Mons,  westward,  they  expand  again, — an 
important  consideration  with  regard  to  the  speculations  in  this  paper. 
The  author  observed  that  these  speculations  mainly  rested  on  the 
correct  restoration  of  the  boundaries  of  land  and  water  areas  in 
palaeozoic  times ;  and  remarked  that  it  was  not  until  we  ascended  as 
nigh  as  the  Upper  Paleeozoic  deposits  that  we  met  with  evidences  of 
definite  hydrographical  areas  ;  and  that  many  terrestrial  surfaces  of 
the  Carboniferous  period  have  remained  such  ever  since. 
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Mr.  Godwin-Austen  pointed  out  that  in  palaeozoic  times  there 
existed  a  main  north  and  south  ridge,  traversing  what  is  now  Western 
Europe,  and  extending  from  Scandinam  to  North  Africa.  To  the 
westward  of  this  old  range  there  was  another  tract,  also  running 
north  and  south,  even  then  bounded  to  the  west  by  the  Atlantic 
valley,  and  now  traceable  in  the  northern  and  western  portions  of 
the  British  Isles. 

From  very  early  times  there  was  an  increase  of  land  from  the 
western  or  Atlantic  tract  towards  the  present  European  area  by  the 
successive  elevation  of  the  palseozoic  sea-beds.  This  took  place  along 
£.  and  W.  lines,  one  of  which  became  the  axis  of  an  elevation  which 
is  distinctly  traceable  through  a  long  series  of  geological  changes. 

In  bringing  forward  the  evidences  of  these  palseogeo^aphicsl  con- 
ditions of  Western  Europe,  and  in  treating  more  especially  of  the  £. 
and  W.  ridge  above  alluded  to,  the  author  first  remarked  that  he 
regarded  the  absence,  in  France,  of  the  Upper  Silurian  series  as 
having  been  caused  by  an  E.  and  W.  barrier,  cutting  off  the  com- 
munication with  the  Upper  Silurian  zoological  group  of  Shropshire 
and  Scandinavia,  and  constituting  a  division  between  two  hydro- 
graphical  areas, — ^in  the  northern  of  which  the  true  Upper  Silurian 
fauna  had  its  development, — and  in  the  other,  what  the  author 
regards  as  its  southern  eouivalent,  namel^r  the  Rhenane  and  Devonian 
group ;  and  he  showed  tnat  there  was  evidence  of  this  barrier  in  the 
shingle-beds  of  the  Lower  Silurian  both  in  northern  France  and  in 
Cornwall,  which  point  to  a  neighbouring  E.  and  W.  coast-line ;  in 
the  half  arch  of  cleavage  of  the  chlorite  schists  of  the  Prawle,  proving 
the  existence  of  an  elevated  £.  and  W.  range  of  old  rocks,  now  locally 
destroyed,  and  replaced  by  the  English  Channel ;  and  in  the  occur- 
rence of  an  elevatory  axis,  ranging  east  and  west  along  the  southern 
shores  of  Devonshire,  which  has  been  proved  from  independent 
reasonings. 

In  the  unconformity  of  the  Old  Red  Sandstone  and  the  Culm- 
series  of  the  west  of  England,  one  with  the  other,  and  both  with  the 
Silurian  and  older  rocks,  the  author  observes  relations  which  always 
exist  towards  the  original  limits  of  formations,  and  finds  clear  iudicar 
tions  of  a  neighbourmg  old  coast-line,  and  of  land  which  has  long 
disappeared.  The  author  refers  much  of  the  Old  Bed  series  to  a 
lacustrine  origin  (as  suggested  by  Dr.  Fleming  and  Dr.  M antell),  in 
connexion  with  the  western  or  Atlantic  land- area.  It  indicates  an 
abundant  vegetation  on  a  considerable  extent  of  land-surface  of  this 
period ;  as  is  also  seen  in  deposits  of  rather  earlier  date  in  the  Bou- 
lonnais.  The  conglomerate  character  of  the  Old  Bed  series  appears 
not  to  pass  the  old  east  and  west  ridge.  The  author,  however,  does 
not  lay  much  stress  on  the  relations  of  the  Old  Red  Sandstone, 
which  he  is  inclined  to  regard,  not  as  a  separate  formation,  but  as  a 
perhaps  contemporaneous  equivalent  of  the  Marwood  series. 

Passing  over  the  disposition  of  the  Mountain  Limestone  forma- 
tion, the  author  proceeds  to  consider  the  relation  of  the  Coal-beds  to 
this  old  east  and  west  ridge.  He  traces  this  old  ridge  of  crystalline 
rocks,  whether  bare  or  overlaid  by  secondary  and  tertiary  deposits, 
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from  the  valley  of  the  Ruhr,  by  Aix-la-Chapelle,  through  the  Ardennes 
and  the  south  of  Belgium,  by  lAh^,  Namur,  and  ViiJenciennes,  and 
accompanied  with  the  palaeozoic  formations  lying  on  its  northern 
flank ;  the  contour  of  the  old  coast-line  being  more  or  less  clearly 
evidenced  by  the  litholo^cal  conditions  of  the  conglomerates,  grits, 
sandstones,  &c.,  of  the  httoral  or  deep-sea  deposits.  The  existence 
of  this  ridge  to  the  westward  is  proved  by  the  chalk  axis  of  elevation 
through  Artois  (passing  to  the  north-west  at  a  considerable  angle  to 
the  eastern  part  of  the  ridge),  and  by  the  denudation  of  the  Boulon- 
nais  and  of  the  Weald  of  Kent  and  Sussex ;  whilst  further  to  the 
west,  at  Frome,  in  Somerset,  the  identical  series  exposed  in  the  Bou- 
lonnais  emerges  again,  in  similar  unconformable  relations ;  and  Devon 
and  Cornwall,  as  already  stated,  supply  evidence  of  the  western  ex- 
tremity of  this  old  ridge,  which  united  the  two  great  north  and  south 
ranges  of  land,  and  formed  an  extensive  gulf-like  configuration  of  this 
western  European  area  in  palaeozoic  times. 

It  was  along  the  inner  (southern  and  western)  borders  of  this 
somewhat  semicircular  indentation  (open  apparently  to  the  north) 
that  the  great  Coal-formation  had  its  origin.  In  other  words,  the 
Rhenish  and  Belgian  coal-beds  are  the  remains  of  a  succession  of 
iringii^  bands  of  dense  vegetation  occupying  a  continuous  tract  of 
coast-lme.  Regarding  these  in  connexion  with  the  Midland  and 
Northern  coal-measures  of  England,  the  extensive  range  of  a  vast 
littoral  band  of  swamps  and  forests  becomes  defined. 

The  Carboniferous  land  must  have  had  some  considerable  vertical 
elevations,  and  a  vast  expanse  of  continuous  horizontal  surface  at 
very  slight  elevations  above  the  sea-level.  The  coal,  for  by  far  the 
most  part,  is  the  product  of  a  vegetation  which  grew  on  the  spot  on 
which  it  is  now  found.  At  the  sera  in  question  the  central  gneissic 
plateau  of  France  was  a  terrestrial  area,  with  lakes  and  rivers,  and 
supporting  a  rich  Coal-vegetation,  the  remains  of  which  are  preserved 
in  the  original  depressions  in  which  they  were  accumulated.  This 
old  land-surface  was  connected  with  another  in  the  Spanish  penin- 
sula. Towards  the  Vosges,  also,  there  was  an  extension  of  land,  and 
there  we  find  two  distinct  levels  of  coal-growth  surfaces.  The  Vosges, 
the  Schwartzwald,  and  the  Odenwald  then  constituted  a  continuous 
tract,  and  the  Saarbruck  coal,  with  its  numerous  reptiles,  was  formed 
under  lacustrine  conditions. 

Crossing  the  Hundsruck  and  the  Ardennes,  we  fijid  the  great 
Belgian  coal-field  to  present  verv  diffSerent  conations.  It  takes  its 
part  in  the  sequence  of  palaeozoic  rocks,  aud  is  formed  of  a  series  of 
marine  sedimentary  strata,  alternating  almost  indefinitely  with  terres- 
trial surfaces. 

With  r^ard  to  the  Boulonnais  coal-series,  the  author  referred  to 
his  former  communication  on  the  subject,  which  shows  that  it  belongs 
to  the  Mountain  Limestone  series,  below  the  geological  horizon  of 
the  Franco-Belgian  coal.  This  latter,  or  true  coal-measure  series,  is 
not  presented  in  the  Boulonnais  denudation  (which  represents  a  part 
of  the  old  east  and  west  ridge),  but  probably  underlies  the  Oolitic 
rocks  in  the  neighbourhood  of  the  Marquise  district. 
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The  author  then  proceeded  to  point  ont  the  relation  of  the  over- 
lying strata  to  the  old  palaeozoic  east  and  west  ridge,  and  its  accom- 
panying coal-measures ;  and  he  showed  that  the  Oolites  were  evidently 
affected  hy  the  presence  of  the  ridge,  and  so  also  were  the  Cretaceous 
deposits,  especially  the  Lower  Greensand,  which  puts  on  dedded 
littoral  characters  in  the  south-east  of  England. 

From  the  foregoing  cousiderations  the  author  deduced  the  follow- 
ing inferences: — 1.  That  the  physical  configuration  of  Western 
Europe  at  the  Upper  or  true  Coal-measure  period  indicates  the  pro- 
bable continuity  of  a  band  of  the  littoral  coal-growth  from  the  mid- 
land and  south-west  parts  of  England  to  the  south  of  Belgium. 
2.  That  there  may  also  exist  a  lower  stage  of  coal-deposits,  extending 
somewhat  west  of  the  Boulonnais,  and  of  equal  value.  3.  That  the 
influence  of  the  old  axis  of  flexure  on  the  distribution  of  the  Oolitic 
and  Cretaceous  groups  favours  the  presumption  that  there  are  no 
very  thick  series  of  overlying  strata  interposed  between  the  Coal- 
measure  series  and  the  present  surface.  4.  The  Upper  Coal-measures 
may  be  regarded  as  occupying  a  line  on  the  north  of  the  Weald  de- 
nudation, oj  conforming  generally  to  the  direction  of  the  valley  of 
the  Thames ;  whilst  the  lower  series  may  occur  on  a  line  coindaent 
with  the  northern  chalk-escarpment  of  that  denudation. 


June  13,  1855. 

Dr.  6.  D.  Gibb  was  elected  a  Fellow ;  Dr.  C.  F.  Naumann,  of 
Leipsic,  was  elected  a  Foreign  Member. 

The  following  communications  were  read : — 

1.  On  the  Occurrence  of  numerous  Fragments  of  Fir- wood  in  the 
Islands  of  the  Arctic  Archipelago;  with  Remarks  on  the 
Rock-Spbcimens  brought  from  that  Region.  By  Sir  Roderick 
Impey  Murchison,  D.C.L.,  F.R,S.,  V.P.G.S.,  I)irector-(7eneral 
of  the  (Geological  Survey. 

On  the  present  occasion  I  cannot  attempt  to  offer  any  general,  still 
less  any  detailed  description  of  the  rocks  and  fossils  of  the  north- 
western portion  of  that  great  Arctic  Archipelago  whose  shores  were 
first  explored  b^  Parry  and  Sabine.  The  specimens  they  brought 
home  from  Melville  Island,  and  which  were  described  by  Mr.  Konig, 
first  conveyed  to  us  the  general  knowledge  of  the  existence  there  of 
fossiliferous  limestones  and  other  rocks  analogous  to  known  European 
types  in  Scandinavia.  Since  those  early  days,  the  voyages  of  Franklin, 
and  of  the  various  gallant  officers  who  have  been  in  search  of  our 
lamented  friend,  have  amplified  those  views,  and  have  shown  us  that 
over  nearly  the  whole  of  the  Arctic  Archipelago  these  vast  isUnds 

r assess  a  structure  similar  to  that  of  North  America.  We  shaU  soon, 
believe,  be  made  acquainted  with  the  characters  of  the  specimens 
collected  by  the  expedition  under  Sir  Edward  Belcher,  who  is  pre- 
paring a  description  of  the  natural-history  products  of  his  survey. 
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My  chief  object  now  is  to  call  attention  to  the  remarkable  fact  of 
the  occurrence  of  considerable  quantities  of  wood,  capable  of  being 
used  for  fuel  or  other  purposes,  which  exist  in  the  interior,  and  on 
the  high  grounds  of  large  islands  in  latitudes  where  the  dwarf  willow 
is  now  the  only  liying  shrub. 

Before  I  allude  to  this  pheenomenon,  as  brought  to  my  notice  by 
Capt.  M'Clure  and  lieut.  Pim,  I  would,  however,  briefly  advert  to 
a  few  rock-spedmens  collected  by  the  latter  officer  in  Beechey  Island*, 
Bathurst  Land,  Eglinton  Island,  MelviUe  Island,  Prince  Patrick's 
Island,  and  Banks's  Land,  where  he  joined  Capt.  M'Clure, — speci- 
mens which  we  ought  to  value  highly,  seeing  that  they  were  saved 
from  loss  under  very  trying  circumstances. 

From  this  collection,  as  well  as  from  other  sources  to  which  I  have 
had  access,  as  derived  from  the  voyages  of  Parry,  Franklin,  Back, 
Penny,  Inglefield,  and  the  recent  work  of  Dr.  P.  Sutherland,  I  am 
led  to  believe  that  the  oldest  fossiliferous  rock  of  the  Arctic  region  is 
the  Upper  Silurian,  viz.  a  limestone  identical  in  composition  and 
organic  contents  with  the  well-known  rocks  of  Wenlock,  Dudley, 
and  Grothland. 

No  clear  evidence  has  been  afforded  as  to  the  existence  of  Devonian 
rocks,  though  we  have  heard  of  red  and  brownish  sandstone,  as  ob- 
served in  very  many  localities  by  various  explorers,  and  which  pos- 
sibly may  belong  to  that  formation.  Thus,  in  North  Somerset,  to 
the  south  of  Barrow  Straits,  red  sandstone  is  associated  with  the 
older  limestones.  Byam  Martin  Island  was  described  by  Parry  as 
essentially  composed  of  sandstone,  with  some  granitic  and  felspathic 
rocks ;  and,  whilst  the  north-eastern  face  of  Banks's  Land  is  sand- 
stone, its  north-western  cliffs  consist  (as  made  known  by  Capt. 
M'Clure)  of  limestone.  But  whilst  in  the  fossils  we  have  keys  to 
the  age  of  the  Silurian  rocks,  we  have  as  yet  no  adequate  grounds 
whereon  to  form  a  rational  conjecture  as  to  the  presence  of  the  Old 
Bed  Sandstone,  or  Devonian  group.* 

True  Carboniferous  Produeti  and  Spiriferi  have  been  brought 
home  by  Sir  £.  Belcher  from  Albert  Land,  north  of  Wellington 
Channel ;  and  hence  we  may  affirm  positively,  that  the  true  Car- 
boniferous rocks  are  also  present.  Here  and  there  bituminous  schist 
and  coal  are  met  with ;  the  existence  of  the  latter  being  marked  at 
several  points  on  the  general  chart  published  by  the  Admiralty. 
With  the  palaeozoic  rocks  are  associated  others  of  igneous  origin  and 
of  crystalline  and  metamorphosed  character.  Thus,  from  Eglinton 
Island  to  the  south  of  Prince  Patrick's  Island,  first  defined  by  the 
survey  of  Capt.  Kellett  and  his  officers,  we  see  concretions  of  green- 
stone, associated  with  siliceous  or  quartzose  rocks  and  coarse  ferru- 
ginous grits ;  and  in  Princess  Royal  Island,  besides  the  characteristic 
Silurian  limestones,  there  are  black  basalts  and  red  jaspers,  as  well  as 
red  rocks,  less  altered  by  heat,  but  showing  a  passage  into  jasper. 

*  The  reader  is  referred  to  the  Geological  Sketch-Map,  PI.  XIV.  (vide  ntpra, 
p.  497),  iUustrating  Mr.  Ishister's  paper  on  the  Geology  of  the  Northernmost 
parts  of  America,  for  a  general  view  of  the  distribution  of  the  crystalline  rocks, 
Silorian  limestones,  and  coal-bearing  deposits  of  the  Arctic  lands. 
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Highly  crystalline  gypsum  was  also  procured  by  Lieut.  Pirn  from 
the  north-western  shores  of  Melville  Island.  In  the  collection  before 
us  we  see  silicified  stems  of  plants^  which  Lieut.  Pirn  gathered  on 
various  points  between  Wellin^zton  Channel  on  the  east  and  Banks's 
Land  on  the  west.  Similar  sOicified  plants  were  also  brought  home 
by  Capt.  M'Clure  from  Banks's  Land ;  and,  through  the  kindness 
of  Mr.  Barrow,  to  whom  they  were  presented,  they  are  now  ex- 
hibited, together  with  a  collection  maoe  by  Capt.  Kellett,  which  he 
sent  to  Dr.  J.  £.  Gray  of  the  British  Museum,  who  has  obligingly 
lent  them  for  comparison. 

I  had  requested  Dr.  Hooker  to  examine  all  those  specimens  which 
passed  through  my  hands,  and  I  learn  from  him  that  he  will  prepare 
a  description  of  tLem,  as  well  as  of  a  great  number  from  the  same 
region,  which  had  been  sent  to  his  father.  Sir  W.  Hooker,  associated, 
like  those  now  under  consideration,  with  fragments  of  recent  wood. 

Of  Secondary  formations  no  other  evidence  has  been  met  with 
except  some  fossil  bones  of  Saurians,  brought  home  by  Sir  £.  Belcher, 
from  the  smaller  islands  north  of  Wellington  Channel ;  and  of  these 
fossils  Sir  Edward  will  give  a  description.  Of  the  old  Tertiary  rocks, 
as  characterized  by  their  organic  remains,  no  distinct  traces  have,  as 
far  as  I  am  aware,  been  discovered ;  and  hence  we  may  infer  that  the 
ancient  submarine  sediments,  having  been  elevated,  remained  during 
a  very  long  period  beyond  the  influence  of  depositary  action. 

Let  us  now  see  how  the  other  facts,  brought  to  our  notice  by  the 
gallant  Arctic  explorers  who  have  recently  returned  to  our  country, 
bear  upon  the  relations  of  land  and  water  in  this  Arctic  region  during 
the  quasi-modern  period,  when  the  present  species  of  trees  were  in 
existence . 

Capt.  M'Clure  states  that  in  Banks^s  Land,  in  latitude  74""  48^ 
and  thence  extending  along  a  range  of  lulls  varying  from  350  to  500 
feet  above  the  sea,  and  from  half  a  mile  to  upwards  inland,  he  found 
great  quantities  of  wood,  some  of  which  was  rotten  and  decomposed, 
but  much  of  it  sufficiently  fresh  to  be  cut  up  and  used  as  fuel. 
Whenever  this  wood  was  in  a  well-preserved  state,  it  was  either 
detected  in  gullies  or  ravines,  or  had  probably  been  recently  exhumed 
from  the  frozen  soil  or  ice.  In  siich  cases,  and  particularly  on  the 
northern  faces  of  the  slopes  where  the  sun  never  acts,  wood  might  be 
preserved  any  length  of  time,  inasmuch  as  Capt.  M^Clure  tells  me  he 
has  eaten  beef,  ^mich,  though  hung  up  in  his  cold  larder  for  two 
years,  was  perfectlv  untainted. 

The  most  remarkable  of  these  specimens  of  well-preserved  recent 
wood  is  the  segment  of  a  tree,  which,  by  Capt.  M'Clure's  orders, 
was  sawn  from  a  trunk  sticking  out  of  a  ravine,  and  which  is  now 
exhibited*.  It  measures  3  feet  6  inches  in  circumference.  Still 
more  interesting  is  the  cone  of  one  of  these  fir-trees  which  he  brought 
home,  and  which  apparently  belongs  to  an  Abies  resembling  A.  Ma, 
a  plant  still  Hving  within  the  Arctic  circle.     One  of  Lieut.  Pirn's 

*  Through  the  kindness  of  Mr.  John  Barrow,  to  whom  it  had  been  given,  this 
wood,  with  some  silicified  stems,  has  been  presented  to  the  Museam  of  Practical 
Geology. 
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specimens  of  wood  from  Prince  Patrick's  Island  is  of  the  same  cha- 
racter as  that  jost  mentioned,  and  in  its  microscopical  characters 
much  resemhles  Pinu€  strobus,  the  American  Pine,  according  to 
Prof.  Quekett,  who  refers  another  specimen,  brought  from  Hecla  and 
Griper  Bay,  to  the  Larch. 

In  like  manner  Lieut.  Pim  detected  similar  fragments  of  wood  two 
degrees  further  to  the  north,  in  Prince  Patrick's  Land,  and  also  in 
ravines  of  the  interior  of  that  island,  where,  as  he  informed  me,  a 
fragment  was  found,  like  the  tree  described  by  M'Clure,  sticking  out 
of  the  soil  on  the  side  of  a  gully. 

We  learn,  indeed,  from  Parry's  'Voyage,'  that  portions  of  a 
large  fir-tree  were  found  at  some  distance  Srom  the  south  shore  of 
Melville  Island,  at  about  30  feet  above  high-water  mark,  in  latitude 
74°  59'  and  longitude  106°*.  According  to  the  testimony  of  Capt. 
M 'Clure  and  Lieut.  Pim,  all  the  timber  they  saw  resembled  the 
present  drift-wood  so  well  known  to  Arctic  explorers,  being  irregularly 
distributed,  and  in  a  fragmentary  condition,  as  if  it  had  been  broken 
up  and  floated  to  its  present  positions  by  water.  If  such  were  the 
method  by  which  the  timber  was  distributed,  geologists  can  readily 
account  for  its  present  position  in  the  interior  of  the  Arctic  Islands. 
They  infer  that  at  the  period  of  such  distribution  large  portions  of 
these  tracts  were  beneath  the  waters,  and  that  the  trees  and  cones 
were  drifted  from  the  nearest  lands  on  which  they  grew.  A  sub- 
sequent elevation,  by  which  these  islands  assumed  their  present  con- 
figuration, would  really  be  in  perfect  harmony  vrith  those  great 
changes  of  relative  level  which  we  know  to  have  occurred  in  the 
British  Isles,  Germany,  Scandinavia,  and  Russia  since  the  great 
glacial  period.  The  transportation  of  immense  quantities  of  timber 
towards  the  North  Pole,  and  its  deposit  on  submarine  rocks,  is  by  no 
means  so  remarkable  a  phaenomenon  as  the  wide  distribution  of 
erratic  blocks  during  the  glacial  epoch  over  Northern  Germany, 
Central  Russia,  and  large  portions  of  our  island  when  under  water, 
followed  by  the  rise  of  these  vast  masses  into  land.  If  we  adopt  this 
explanation,  and  look  to  the  extreme  cold  of  the  Arctic  region  in 
the  comparatively  modern  period  during  which  this  wood  has  been 
drifted  or  preserved,  we  can  have  no  difficulty  in  accounting  for  the 
different  states  in  which  the  timber  is  found.  Those  portions  of  it 
which  happen  to  have  been  eScposed  to  the  alternations  of  frost  and 
thaw,  and  the  influence  of  the  sun,  have  necessarily  become  rotten ; 
whilst  all  those  fragments  which  remained  enclosed  in  frozen  mud 
or  ice  which  have  never  been  melted  would,  when  brought  to  light 
by  the  opening  of  ravmes  or  other  accidental  causes,  present  just  as 
fresh  an  appearance  as  the  specimens  now  exhibited. 

The  only  circumstance  within  my  knowledge  which  militates  against 
this  view  is  one  communicated  to  me  by  Capt.  Sir  Edward  Belcher, 

*  **  Seijeant  Martin  of  the  Artillery  and  Capt.  Sabine's  servant  brought  down 
to  the  beach  several  pieces  of  a  large  fir-tree,  which  they  foand  nearly  buried  in 
the  sand  at  the  distance  of  300  or  400  yards  from  the  present  high-water  mark, 
and  not  less  than  30  feet  above  the  level  of  the  sea." — Parry's  Voyage  for  the 
Discovery  of  the  North-West  Passage,  p.  68. 
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who,  in  lat.  75^  30',  long.  92^  15',  observed  on  the  east  aide  of 
Wellington  Channel  the  tronk  of  a  fir-tree  standing  vertically,  and 
which,  being  cleared  of  the  surrounding  earth,  &c.,  waa  found  to 
extend  its  roots  into  what  he  supposed  to  be  the  soil. 

If  from  this  observation  we  should  be  led  to  imagine  that  all  the 
innumerable  fragments  of  timber  found  in  these  polar  latitudes  be- 
longed to  trees  tliat  grew  upon  the  spot,  and  on  the  ground  over  which 
they  are  now  distributed,  we  should  be  driven  to  adopt  the  anomalous 
hypothesis,  that,  notwithstanding  physical  relations  of  land  and  water 
similar  to  those  which  now  prevail  (t.  e,  of  great  masses  of  land  high 
above  the  sea),  trees  of  large  size  grew  on  such  terra  firma  within  a 
few  degrees  of  the  North  Pole ! — a  supposition  which  I  consider  to  be 
wholly  incompatible  with  the  data  in  our  possession,  and  at  variance 
with  the  laws  of  isothermal  lines. 

If,  however,  we  adopt  the  theory  of  a  former  submarine  drift*, 
followed  by  a  subsequent  elevation  of  the  sea-bottom,  as  easily  ac- 
counting for  all  the  phsenomena,  we  may  explain  the  curious  case 
brought  to  our  notice  by  Sir  Edward  Belcher,  by  supposing  that  the 
tree  he  uncovered  had  been  floated  away  with  its  roots  downwards, 
accompanied  by  attached  and  entangled  mud  and  stones,  and  lodged 
in  a  bay,  like  certain  *'  snags  "  of  the  great  American  rivers.  Under 
this  view,  the  case  referred  to  must  be  considered  as  a  mere  excep- 
tion, whilst  the  general  inference  we  naturally  draw  is,  that  the 
vast  quantities  of  broken  recent  timber,  as  observed  by  numerous 
Arctic  explorers,  were  drifted  to  their  present  position  when  the 
islands  of  the  Arctic  Archipelago  were  sub;nerged.  This  inference 
is  indeed  supported  by  the  unanswerable  evidence  of  the  sub- 
marine associates  of  the  timber ;  for,  from  the  summit  of  Coxcomb 
Range  in  Banks's  Land,  and  at  a  height  of  500  feet  above  the  sea, 
Capt.  M^Clure  brought  home  a  fine  large  specimen  of  Cyprina 
Islandica,  which  is  undistinguishable  from  the  species  so  common  in 
the  glacial  drift  of  the  Clyde  f ;  whilst  Capt.  Sir  £.  Belcher  found 
the  remains  of  whales  on  lands  of  considerable  altitude  in  lat.  78" 
north. 

Reasoning  from  .such  facts,  all  geologists  are  agreed  in  considering 
the  shingle,  mud,  gravel,  and  beaches  in  which  animals  of  the  Arctic 
region  are  imbedded  in  many  parts  of  Northern  Europe,  as  decisive 

})roofs  of  a  period  when  a  glacial  sea  covered  large  portions  of  such 
ands ;  and  the  only  distinction  between  ^uch  deposits  in  Britain  and 
those  which  were  formed  in  the  Arctic  Circle,  is,  that  the  wood  whidi 
was  transported  to  the  latter  has  been  preserved  in  its  ligneous  state 
for  thousands  of  years,  through  the  excessive  cold  of  the  region. 

*  Dr.  Hooker  informs  me  that  all  the  specimens  sent  to  him  were  collected  in 
mounds  of  silt,  rising  up  from  the  level  of  the  sea  to  100  feet  or  more  above  it; 
and  he  entirely  coincides  with  me  in  the  belief  that  the  whole  of  this  timber 
was  drifted  to  the  spots  where  it  now  lies. 

t  In  Parry's  '  Voyages  *  (page  61)  we  learn  that  a  number  of  marine  shells,  of 
the  VenH$  tribe,  were  found  imbedded  in  the  ravines  of  Byam  Martin's  Island ; 
a  fact  which  strengthens  the  view  here  adopted  of  the  submergence  of  large 
portions  of  these  tracts  at  a  very  recent  geological  epoch. 
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P.S. — Smce  the  above  was  written,  Capt.  Collinson  transmitted 
to  me  an  instructive  collection  of  rock-specimens,  collected  during 
his  survey.  Most  of  them  show  the  great  prevalence  of  crystalline 
rocks  along  the  north  coast  of  America. 


2.  On  the  Remains  of  Dicynodon  tigriceps,  Owen,  ^row 
South  Africa.    By  Professor  Owen,  F.R.S.,  F.G.S. 

(This  paper  will  be  published  in  foil  in  the  4th  part  of  the  7th  vol.  of  the 
**  Transactions.'') 

[Abstract.] 

In  this  communication  the  author  described  certain  vertehree,  the 
sacrum,  the  pectoral  and  pelvic  arches,  and  one  of  the  long  hones 
of  the  extremities,  of  a  large-sized  Dicynodon^  probably  referable  to 
the  species  D.  tigriceps^  the  cranium  of  which  Prof.  Owen  described 
in  a  previous  paper.  (See  above,  p.  532.) 

These  fossUs  form  part  of  the  extensive  collection  of  Saurian 
remains  collected  and  forwarded  to  England  some  years  since  by 
A.  G.  Bain,  Esq. 

From  the  indications  afforded  by  the  above-mentioned  bones  of 
the  trunk  and  limbs,  the  author  concluded  that,  although  the  Dicy- 
nodon was  amphibious,  and  could  doubtlessly  swim  well,  it  possessed 
limbs  capable  of  active  movements  on  land,  and  probably  adapted  to 
other  uses. 


3.  On  the  Fossil  Skull  of  a  Mammal  (Prorastomus  sire- 
NoiDES,  Owen),  from  the  Island  of  Jamaica.  By  Professor 
Owen,  F.R.S.,  F.G.S. 

[Plate  XV.] 

The  subject  of  the  present  notice  was  submitted  to  me  by  Heniy 
H.  Shirley,  Esq. :  it  was  found  in  Jamaica  in  a  river-course  which 
is  composed  of  red  conglomerate  and  sandstone,  overlaid  by  lime- 
stone, differing  from  the  general  tertiary  carious  limestone  of  the 
Island  and  beneath  it :  the  locality  is  near  ^'Freeman's  Hall  Estate, 
between  the  Parishes  of  St.  Elizabeth  and  Trelawney,  at  that  central 
high  ground  or  ridge  which  forms,  as  it  were,  the  back-bone  of  the 
Island."  (MS.  note  sent  with  the  specimen.) 

The  fossil  was  imbedded  in  a  nodule  of  hard  calcareous  shelly  rock, 
which  had  been  broken  in  pieces :  three  of  the  largest  of  these  con- 
tain portions  of  a  skull,  which,  on  being  partially  cleared  of  the 
matrix,  exhibited  the  following  characters : — 

An  occipital  portion  with  two  condyles,  and  a  tolerably  capadous 
brain-case,  showing  its  mammalian  nature  (PI.  XV.  fig.  1) ;  and  a 
facial  portion,  figs.  2  &  3,  with  the  fore  part  of  the  lower  jaw,  fig.  4, 
indicative  of  an  affinity  to  the  Manatee,  but  with  well-marked  cha- 
racters distinctive  from'  any  known  existing  member  of  the  Order 
Sirenia, 

2o2 


Digitized  by 


Google 


542  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Jane  13, 

The  foramen  magnum  is  subcircular,  a  little  wider  across  than 
Tertically ;  measuring  1  inch  across.  The  condyles  are  4  lines  apart 
at  their  lower  ends,  with  the  articular  surface  divided  into  two  tri- 
angular facets,  meeting  at  rather  more  than  a  right  angle,  along  an 
oblique  ridge,  where  the  surfaces  are  continuous.  In  Manatus  the 
occipital  foramen  is  broader  across,  and  the  condyles  are  more  uni- 
formly convex,  and  are  separated  from  each  other  by  a  broader  basi- 
occipital,  which  contributes  a  portion  to  the  lower  end  of  each  con- 
dyle. The  occipital  surface  of  the  fossil  cranium  is  less  bent  from 
below  upwards  and  forwards  than  in  the  Sirenia ;  it  has  not  the 
median  vertical  longitudinal  ridge  which  is  seen  in  Manatus ;  and 
the  superoccipital  ridge  appears,  from  the  small  portion  preserved, 
to  have  been  reflected  back,  so  as  to  overhang  the  occipital  wall,  more 
than  in  any  recent  Manatee. 

The  exposed  facial  part  of  the  skull  includes  a  great  part  of  the 
right  orbit  (fig.  2,  o),  the  external  nostril  (n),  the  premaxillaries  (ss, 
wanting  their  anterior  ends),  and  the  corresponding  parts  of  the 
.  rami,  with  the  symphysis  of  the  lower  jaw. 

The  orbit  is  round,  li  inch  in  diameter,  with  the  lower  border 
continued  outwards,  not  so  far  as  in  the  Manatee,  but  further  than 
in  the  Tapir,  or  in  other  land  mammals  of  the  same  size  as  the  fossil. 
The  back  part  of  the  orbit  is  broken  way,  and  the  upper  and  fore 
parts  are  mutilated.  I  perceive  no  trace  of  lacrymal  pit  or  foramen 
at  or  near  the  inner  border  of  the  orbit. 

Part  of  the  frontal  bone  and  the  nasal  bones  are  broken  away ;  but 
the  anterior  boundary  of  the  nasal  opening  is  entire :  the  plane  of 
the  opening  is  almost  horizontal :  the  sides  converge  and  terminate 
in  a  point,  2  inches  in  advance  of  the  fore  part  of  the  orbit.  I 
cannot  satisfactorily  determine  the  sutures  of  the  premaxillaries ; 
but  appearances  are  most  in  favour  of  their  exten(hng  backwards 
along  the  sides  of  the  nostril  to  the  orbit :  in  front  of  the  nostril 
the  premaxillaries  unite  to  form  a  massive  convex  muzzle,  which 
curves  gently  forwards  and  downwards,  2^  inches  in  advance  of  the 
nostril ;  and  perhaps  a  little  more  when  entire. 
.  The  round  orbit,  turned  upwards  by  the  produced  floor,  the  almost 
horizontal  nostril,  and  massive  premaxillanes  are  the  chief  features 
of  resemblance  which  this  skuU  presents  to  that  of  the  Sirenia,  and 
more  especially  of  the  Manatees;  and  the  same  resemblance  is  kept  up 
by  the  long,  compressed,  and  produced  symphysis  menti,  fig.  4.  The 
rami  of  the  lower  jaw  are  thick  and  rounded  below ;  they  meet  at  a 
▼ery  acute  angle.  The  mental  foramina  are  large,  and  the  emerging 
canal  deeply  grooves  the  bone  in  advance  of  it,  as  in  the  Manatee  ; 
but  the  symphysis  becomes  more  compressed  than  in  any  Manatee, 
forming  almost  a  ridge  at  its  anterior  half,  where  it  slopes  from  the 
alveolar  border  backwards  at  a  veiy  open  angle  with  the  horizontal 
rami,  resembling  the  prow  of  a  wherry  (whence  the  generic  name  here 

Sroposed  for  the  fossil  *).     The  bone,  wherever  fractured,  shows  the 
ense  compact  structure  of  that  of  the  Manatee.    The  most  essential 
distinction  from  the  Manatee  is  the  presence  of,  at  least,  two  functional 
*  ProroMtamui,  from  Gr.  Trpupa,  a  boat's  prow,  and  aroftai  ft  mouth. 
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teeth,  apparently  an  incisor,  fig.  2,  t,  and  a  canine,  e,  in  the  symphysial 
part  of  the  jaw.  These  are  represented  only  hy  their  fangs,  which 
are  simple  and  deeply  implanted  in  the  jaw ;  the  canine  yerticallj, 
the  outer  incisor  more  inclined  forward :  ten  lines  behind  the  canine 
there  is  a  premolar  implanted  by  two  slightly  diverging  fangs;  but 
with  the  crown  also  broken  off,  as  is  the  case  with  most  of  the  teeth 
in  this  fossil  skull. 

The  outer  side  of  the  crown  of  a  premolar  of  the  left  side,  upper  jaw, 
is  preserved  (fig.  5)  :  it  is  invested  by  dark-brown  enamel :  it  presents 
two  slight  prominences  with  a  faint  median  longitudinal  channel. 
The  outer  border  of  the  grinding  surface  is  almost  straight :  that  sur- 
face is  buried  in  the  hard  and  brittle  matrix.  In  a  similar  portion  of 
a  posterior  grinder  of  the  lower  jaw,  fig.  6,  in  another  fragment  of  the 
fossil,  the  outer  border  of  the  crown  rises  in  two  angular  lobes,  some- 
what answering  to  the  end  of  the  two  transverse  ridges  of  the  crown 
of  the  tooth  of  the  Manatee,  but  not  accompanied  by  the  indentation 
on  the  outside  of  the  crown.  Neither  the  number,  kinds,  nor  precise 
modification  of  the  crown  of  the  teeth  are  recognizable  in  the  present 
fragmentary  fossil.  It  shows,  however,  sufficient  characters  to  indi- 
cate it  to  be  nearly  allied,  if  not  actually  belonging,  to  the  Sirenoid 
order  of  Mammalia,  and  to  differentiate  it  from  any  known  existing 
genus  or  species  in  that  order.  I  propose  to  distinguish  this  species 
by  the  name  Prorastomus  sirendides. 

The  bones  are  completely  petrified,  and  usually  closely  adherent  to 
or  blended  with  the  matrix. 


4.  Notice  of  the  Earthquakes  at  Brussa*.     By  D.  Sandison, 

Esq.,  H.M.  Consul  at  Brussa. 

(Communictted  from  the  Foreign  Office,  by  order  of  the  Earl  of  Clarendon.) 

[Abstract.] 

After  a  lapse  of  six  weeks  since  the  first  great  shock,  with  a  suc- 
cession of  others  quite  harmless,  and  when  confidence  was  beginning 
to  revive,  the  inhabitants  were  panic-struck  on  the  evening  of  the 
1 1th  April,  at  8  o'clock,  by  an  earthquake  incomparably  more  terrific 
and  destructive  than  the  former. 

By  its  resistless  force,  computed  of  about  thirty  seconds*  duration, 
almost  every  stone-building  left  standing  was  overturned,  or  irre- 
parably shattered ;  and  masses  of  rock  fcdling  from  the  Citadel  Cliff 
overwhelmed  a  number  of  houses  below  in  the  Jewish  quarter,  where 
upwards  of  twenty  persons  were  killed. 

The  loss  of  Ufe  in  the  town  is  variously  computed  up  to  400 
victims,  chiefly  Turks,  but  may  not  exceed  150,  as  most  of  the  crazy 
and  dangerous  dwellings  had  already  been  overthrown,  and  the  in- 
habitants had  retired  for  the  night  to  some  kind  of  lodgings  of  com- 
parative safety. 

The  earth  continued  in  a  state  of  incessant  and  most  alarming 
tremor,  accompanied  with  appalling  subterraneous  sounds,  the  whole 
*  See  alto  Quart.  Joum.  GeoL  Soc  toL  m  p.  19. 


Digitized  by 


Google 


544  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [June  13, 

night.  A  fire  abo  broke  out,  soon  after  the  shock,  m  the  centre  of  the 
bazars,  which,  raging  throi^hout  the  next  day,  carried  devastatioii 
over  a  vast  space  covered  with  shops  and  houses  to  the  number  pro- 
bably of  more  than  1000,  consuming  all  the  earthquake  had  left,  to 
the  verge  of  the  open  plain. 

Some  quarters  of  Brussa  have  suffered  less  than  others,  but  all 
severely.  Some  are  levelled  with  the  ground,  and  the  general  aspect 
of  the  place  is  that  of  one  continuous  wreck. 

Several  of  the  vLUages  around  have  shared  in  the  disastrous  visita- 
tion. On  coming  to  one  named  Pep^k,  six  miles  off,  in  the  direct 
line  to  Ghio,  we  had  to  make  a  circuit  to  avoid  the  ruins,  from  under 
which  above  forty  dead  bodies  had  been  dragged ;  and  not  one  house 
remained  entire.  Two  other  Greek  villages,  to  the  right  and  left»  a 
little  further  off  (one  the  largest  and  richest  in  the  country),  had 
sustained  no  injury.  Some  villages  in  other  directions  were  cnn- 
pletely  destroyed  by  the  shock  of  the  11th. 

It  was  ascertained  by  the  authorities  that  it  had  caused  no  damage 
around  the  Lake  of  ApoUonia,  where  the  earthquake  of  the  28th 
February  had  produced  such  fatal  effects ;  and  Ghio,  twenty-one  miles 
to  the  north-east  from  Brussa,  has  stood  intact  throughout. 

This  leads  to  the  conclusion,  that  the  last  commotion  was  directly 
under  Brussa  and  the  country  within  a  radius  of  about  two  leagues 
from  that  centre. 

New  streams  of  boiling  water  have  burst  out  from  the  ground  at 
the  sites  of  the  hot  mineral  baths,  whilst  the  former  currents  there 
have  been  greatly  mcreased  in  volume. 

The  shocks  continued  up  to  the  21st,  but  were  innocuous,  and 
sometimes  slightly  felt  here  (Peri). 
Peri,  April  23, 1855. 

5.  On  the  Section  of  the  Metamorphic  and  Devonian  Strata 

at  the  Eastern  Extremity  of  the  Grampians. 

By  James  Nicol,  F.R.S.E,  F.G.S.,  Professor  of  Civil  and  Natural 

History,  Marischal  College,  Aberdeen. 

One  of  the  most  instructive  sections  of  the  crystalline  rocks  com- 
posing the  Grampian  Mountains  is  seen  at  the  terminatioD  of  that 
chain  on  the  coast  of  Kincardineshire,  between  Stonehaven  and 
Aberdeen.  Having  found  this  section  to  differ  in  some  important 
points  from  the  structure  usually  ascribed  to  these  mountains,  I  now 
offer  a  short  account  of  it  to  me  Society.  The  section  at  p.  547 
is  only  intended  to  illustrate  the  general  position  of  the  strata  without 
entering  into  minute  details. 

Commencing  with  the  southern  portion  of  the  section,  the  first 
rock  is  the  Old  Red  Sandstone  (a)  forming  part  of  the  great  formation 
which  underlies  the  Scottish  coal-field.  It  is  well  seen  on  the  coast 
in  this  district,  where  it  is  quarried  near  Stonehaven.  This  rock  is 
often  described  as  evidently  made  up  of  the  detritus  of  the  moun- 
tains on  the  north,  but  its  mineral  characters  in  this  place  hardly 
bear  out  the  statement. 
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The  finer  beds  are  of  a  dark  brownisli-red  colour,  and  condst 
essentiallj  of  grains  of  quartz  imbedded  in  a  copious  basis  of  red- 
coloured,  earthj,  and  decomposed  felspar.  A  few  scales  of  mica 
appear,  but  this  mineral  is  by  no  means  abundant.  In  these  fine- 
grained sandstones  large  boulders  occasionally  occur,  and  in  some 
beds  form  almost  the  entire  rock,  which  is  then  a  true  conglomerate 
of  well-rounded  boulders,  from  one  or  two  inches  to  as  many  feet  or 
even  more  in  diameter.  I  collected  indiscriminately  numerous  spe- 
cimens of  these  boulders,  both  at  Stonehaven,  and  also  at  Caterline 
Harbour,  about  four  miles  further  south.  Taken  generally,  the 
same  kinds  of  rocks  occurred  at  both  localities,  though  in  varying 
proportions.  Thus  at  Stonehaven  boulders  of  compact  quartz  or 
Lardened  sandstone,  in  some  specimens  with  distinct  rounded  grains^ 
were  very  abundant ;  at  Caterline  these  formed  a  smaller,  l^ougfa 
still  a  wge,  portion  of  the  specimens.  Brown  quartzose  felspar- 
porphyries  were  next  in  number  at  Stonehaven;  and  at  Caterline 
even  more  numerous  than  the  quartz-rocks.  Trap-rocks,  like  many 
still  common  in  Scotland,  ranked  next  at  Stonehaven,  but  were 
fewer  at  Caterline.  At  the  latter  several  rocks  occurred  that  might 
be  designated  granite,  but  only  one  specimen  was  the  regular  com- 
pound of  quartz,  felspar,  and  mica.  In  all  the  others  mica  was 
wanting ;  and  at  Stonehaven  I  procured  no  rock  to  which  the  name 
of  granite  could  properly  be  given.  At  neither  did  I  find  any  spe- 
cimen of  gneiss  or  micarslate,  though  these  rocks  form  the  principal 
part  of  the  mountains  on  the  nordi,  along  the  base  of  which  these 
conglomerates  now  extend  for  miles,  and  from  detritus  of  which  they 
are  said  to  have  been  fortned.  . 

This  very  curious  fact,  of  the  coarse  conglomerates  consisting 
chiefly  of  rocks  difierent  from  those  on  which  they  rest,  is  often  seen 
in  various  parts  of  Scotland.  Taken  in  connexion  with  the  position 
of  the  strata,  and  with  the  remarkable  break  in  the  succession  of  the 
fossiliferous  deposits  below  the  Devonian,  it  leads  to  some  interesting 
speculations  to  which  I  may  afterwards  advert. 

Another  remarkable  peculiarity  of  these  boulders  was  noticed  in  a 
paper  in  the  first  volume  of  the  Journal  of  the  Society  (p.  147)  by 
Sir  W.  C.  Trevelyan.  These  rounded  water-worn  stones,  often  several 
inches,  or  even  above  a  foot,  in  diameter,  have,  subsequently  to  their 
being  imbedded  in  the  conglomerate  rock,  been  broken  into  numerous 
fragments,  and  again  cemented  together.  They  often  appear  as  if 
crushed  by  some  heavy  body,  which  has  pushed  the  splinters  slightly 
out  of  place.  The  sharp  angular  form  of  the  pieces  proves  that  these 
boulders  were  not  soft  when  they  were  thus  acted  on.  They  appear, 
however,  to  have  been  afterwards  reunited  by  heat.  Other  boulders, 
which  have  their  surface  indented,  as  it  were,  by  the  pressure  of  a 
harder  neighbour,  must  have  been  in  a  softened  condition  when  this 
took  place. 

In  the  plains  of  Kincardineshire,  a  few  miles  from  the  boundary- 
line  of  the  primary  strata,  the  red  sandstone  is  nearly  horizontal,  or, 
as  at  Crawtown  on  the  coast,  even  dips  with  a  slight  inclination  to 
the  north.    At  Stonehaven,  as  shown  in  the  section,  the  beds  are 
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almost  rertical,  dipping  at  75°  to  85°  to  S.  18°  W.  by  compass  (va^ 
nation  27°  W.).  North  of  Stonehaven  a  vein  of  light  reddish-brown 
felspar-porphyry,  with  large  maded  crystals  of  orthoclase  and  grains 
of  quartz,  intersects  the  beds.  It  is  about  30  feet  wide,  and  runs 
N.  and  S.  nearly  in  the  dip  of  the  strata.  Beyond  this  dyke  the 
red  sandstone  continues  dipping  almost  at  the  same  angle,  but  with 
more  of  a  westerly  direction.  Soon  after,  a  mass  of  claystone-tufk  (t), 
of  a  erej  or  reddish-brown  colour,  but  much  weatheied  and  decom- 
posed, appears  in  the  cliffs.  Immediately  beyond  this  mass,  the 
pnmary  cUyslate  (b)  of  the  Grampians  is  seen  dipping  at  35°  to  N.  18° 
W.,  and  thus  in  the  opposite  direction  to  the  red  sandstone.  The 
actual  junction  of  the  stratified  rocks  is  not  seen,  as  the  trap-rock 
occurs  in  the  interval,  having  apparently  burst  up  through  a  fault 
along  the  line  of  junction. 

Further  north  the  inclination  of  the  clayslate  becomes  higher,  but 
the  dip  is  still  to  the  same  point,  and  continues  northerly  in  its 
whole  range  along  the  coast.  The  clayslate  is  fine-grained,  of  a  light 
greenish-grey  colour,  with  a  kind  of  fibrous  luninar  structure, 
formed,  as  it  were,  by  the  interlacing  of  minute  acicular  green  crystals 
with  grains  of  a  whitish  colour.  Further  north  it  passes  into  a 
hardened  sandstone  or  greywacke,  composed  of  grains  of  quartz, 
a^lutinated  in  a  sparing  basis  of  a  reddish  or  greyish  colour.  This 
rock  is  in  layers  of  about  half  an  inch  thick,  somewhat  undulated, 
and  closely  intersected  by  cross  fractures.  At  Carron  Point  a  great 
dyke,  40  feet  wide,  of  yellow  quartz  or  homstone  (q),  runs  N.  and  S. 
through  the  strata,  which  dip  nearly  conformably  on  both  sides. 
This  dyke  is  well  seen  in  the  bay  south  of  the  Point,  aud  also  in  the 
Point  itself.  In  the  rocks  near  it,  beds  or  veins  of  magnetite,  and 
in  some  places  also  of  pyrites,  run  nearly  parallel  to  the  strata. 

The  clayslate  continues  for  about  half  a  mile  beyond  the  Point, 
when  it  gives  place  to  mica-slate  (e) .  The  dip  of  the  beds  is  still  to  the 
north  at  45°  to  55^  the  angle  being  variable  from  the  constant  con- 
volutions of  the  beds.  There  is,  however,  no  doubt,  that  the  general 
dip  is  to  the  north,  and  consequently  that  the  mica-slate  overlies 
the  clayslate.  The  mica-slate,  where  first  seen,  is  fine-grained,  light 
greenish-grey,  and  composed  of  quartz  and  fine  scaly  mica  or  chlorite. 
In  some  places  it  contains  a  considerable  number  of  small  garnets. 

Further  north  the  coast  becomes  so  precipitous,  with  the  sea  close 
to  the  base  of  the  cliffs,  that  the  section  cannot  be  followed  con- 
tinuously. The  dip  of  the  strata,  however,  appears  to  become  more 
and  more  nearly  vertical,  with  many  convolutions,  throwing  the  beds 
for  short  distances  sometimes  into  one  position,  sometimes  into  the 
reverse,  so  that  the  same  stratum  appears  in  one  part  of  the  diff 
inclined  to  the  north,  in  another  part  to  the  south.  Following  the 
coast  northward,  it  is  soon  evident  that  the  eeneral  inclination  of  the 
beds  is  now  to  the  south,  or  the  reverse  of  that  observed  in  the  clay- 
slate. This  southerly  indination,  on  the  whole  also  at  low  angles,  pre- 
dominates in  the  gneiss  (d)  along  the  coast  to  Aberdeen,  though  with 
many  local  deviations,  such  as  may  be  looked  for  in  a  highly  disturbed 
and  convoluted  group  of  rocks.   At  Muchal's  Bum  a  bed  of  red  felspar- 
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(p)  ^  quarried,  and  a  si- 
milar b^  is  seen  on  the  coast  near 
Cove.  At  this  village  also  a  large 
mass  of  granite  (^)  is  quarried. 
As  we  approach  Aberdeen,  granite- 
veins  become  more  and  more  nn- 
merous,  until  near  Girdleness,  im- 
mediately south  of  the  Dee,  they 
almost  form  the  predominant  rock. 

The  most  remarkable  points  in 
this  section  are, — the  position  of 
the  clayslate  and  mica-slate,  and 
the  relation  of  the  metamorphic 
strata  to  the  Old  Red  Sandstone. 
In  regard  to  the  former,  the  clay- 
slate,  usually  considered  as  the 
newer,  and  undoubtedly  the  less 
altered,  rock,  appears  to  dip  under 
the  older  mica-slate.  My  impres- 
sion is,  that  this  is  truly  the  case^ 
and  that,  in  proceeding  along  the 
coast,  there  is  an  ascending  series 
from  the  less  metamorphic  to  the 
more  metamorphic  rock.  But  this 
could  not  be  the  original  position 
of  the  masses ;  and  I  can  only 
explain  the  phsenomenon  by  sup- 
posing that  a  complete  inversion  of 
the  beds  on  the  southern  margin 
of  the  chain  has  taken  place.  In 
the  north  ^  they  regain  their  ori- 
ginal position,  dipping  away  from 
the  great  granitic  axis,  or  rather 
foundation,  of  the  country.  The 
change  of  inclination  also  seems  to 
be  effected  in  a  peculiar  manner  by 
the  highly  convoluted  mica-slate 
and  gneiss  strata  folding  up,  as 
it  were,  on  themselves,  and  thus 
pushing  out  the  upper  and  exterior 
beds,  as  if  by  great  intruded  wedges 
of  rock.  It  is  thus  an  instance  in 
our  own  country  of  the  fan-shaped 
stratification  so  often  noticed  in 
the  Alps.  . 

How  far  this  inversion  extends 
along  the  border  of  the  mountains 
has  not  been  determined.  Near 
the  western  termination  of  the  for- 
mations, as  well  seen  along  the 
Gare  Loch  on  the  Firth  of  Clyde, 
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the  mica-slate  and  clayslate  dip  outwards^  or  south,  in  regular  order. 
In  the  centre  of  the  country,  in  Perthshire,  I  ohseryed  sereral  years 
ago  that  the  strata  in  the  outer  zone  of  the  primary  rocks  seemed 
"in  some  places  to  have  been  completely  reversed*."  Tins  view  is 
confirmed  by  some  sections,  by  Mr.  D.  6harpe,  in  the  eighth  volmne 
of  the  Journal  of  the  Society  (p.  127,  &c.),  in  which  the  dayslate 
is  clearly  shown  in  the  same  anomalous  position.  In  two  of  these 
sections,  as  at  Stonehaven,  a  mass  of  trap  intervenes  between  the 
clayslate  and  the  red  sandstone,  and  in  one  instance  Mr.  Sharpe 
ascribes  to  this  igneous  rock  the  peculiar  position  of  the  clay- 
slate  in  relation  to  the  mica-slate.  Subsequently  he  seems  disposed 
to  assume  that  "the  trap-rock  runs  along  the  whole  line  of  the 
Highland  border,"  in  order  to  explain  what  he  well  describes  as  the 
perplexing  and  apparently  contradictory  position  of  the  slates  (p.  130). 
Though  there  are  strong  grounds  for  aomitting  the  existence  of  this 
more  or  less  continuous  hue  of  trap,  yet  it  does  not  seem  soffident 
to  explain  the  phsenomena.  These  appear  to  me  to  be  not  • 
mere  upturn  of  the  clayslate,  abutting  against  the  mica-aiate  along 
a  line  of  fault,  or  changing  its  dip  by  a  synclinal  axis,  as  in  Mr. 
Sharpe's  sections,  but  a  complete  inversion  of  the  series,  with  the 
newer  rock  dipping  under  the  older.  Such  an  overturn  of  an  enor- 
mous mass  of  strata  implies  some  far  more  powerful  agent  than  the 
small  mass  of  trap  seen  along  the  junction,  and  one  situated  in  another 
region,  or  to  the  north,  not  to  the  south,  of  the  inverted  bedsf. 

In  reference  to  the  junction  of  the  clayslate  and  red  sandstone,  the 
present  boundary-line  appears  to  be  the  result  of  a  great  fiiult  ele- 
vating the  region  to  the  north.  Along  this  fault  the  various  masses 
of  trap  noted  have  burst  out,  and  dykes  of  great  extent,  and  approExi- 
mately  parallel,  are  known  in  msBV  places  in  the  red  sandstone. 
The  small  portion  of  materials  which  the  northern  mountains  have 
furnished  to  the  sandstones  and  conglomerates  at  their  base  shows 
that  these  mountains  could  not  then  have  formed  a  line  of  coast 
exposed  to  the  action  of  the  sea.  In  the  south  of  Scotland  where 
the  red  sandstone  rests  horizontally  on  upturned  Silurian  strata, 
which  evidently  formed  dry  land  at  the  period,  the  old  hue  of  coast 
may  almost  be  traced  by  the  rounded  boulders  or  angular  fragments 
of  Silurian  rocks  imbedded  in  the  conglomerates.  In  this  and  other 
parts  of  the  north  the  conglomerates  are  not  thus  connected  with 
the  primary  strata;  and  their  chief  components  are  derived  from 
other  sources.  This  diversity  of  origin  is  strikingly  shown  by  com- 
paring the  newer  drifl  deposits  covering  the  extremity  of  the  Gram- 
pians, and  derived  from  their  detritus,  with  the  sandstones  and 
conglomerates  at  their  base.  Both  are  evidently  similar  formations, 
deposited  almost  in  the  same  place,  though  at  widely  distant  epochs 
in  the  earth's  history ;  but  how  very  distinct  are  their  mineral  chsr 

*  Geology  of  Scotland,  p.  169. 

t  The  change  in  the  mineral  nature  of  the  rock  along  these  dmnonal  planes 
proves  that  they  mark  successive  strata,  and  are  not,  as  has  been  stated,  planet 
of  cleavage.  Although  the  foliation  of  the  gneiss  and  mica-slate  is,  in  general, 
approximately  parallel  to  the  stratification,  yet  this  is  not  always  the  case,  and  these 
two  well-marked  and  very  distinct  structures — stratification  and  foliation— onght 
not  to  he  confounded. — J.  N.,  Oct.  13, 1855. 
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racters !  The  older  strata,  dark  reddish-brown  masses,  with  boolders 
of  quartz,  sandstone,  felspar-porphyry,  and  claystone-traps ; — the 
newer  deposit,  yellowish-grey  in  colour,  and  full  of  rounded  fragments 
of  granite,  gneiss,  micarslate,  and  hornblende  and  serpentine  rocks. 
Evidently  the  two  deposits  represent  the  detritus  and  4^truction  of 
entirely  difTerent  lands.  So  diverse  is  their  aspect  and  imbedded 
boulders,  that  we  are  almost  forced  to  the  conclusion  that  the  ma- 
terials of  the  red  sandstones  have  been  derived,  not  from  the  strata 
on  which  they  rest,  and  which  formed  the  sea-bed  of  the  period,  but 
from  other  rocks  constituting  the  shores  of-  that  sea  and  the  valleys 
of  the  great  rivers  that  flowed  into  it. 

The  highly  inclined  position  of  the  sandstone  may  be  ascribed  in 
part  to  the  action  of  the  trap-rocks  seen  both  in  the  section  and  also 
further  south  on  the  coast.  Their  extent  does  not,  however,  seem 
sufficient  to  en)lain  the  whole  amount  of  the  elevation ;  and  I  am 
inclined  to  think,  that,  in  part,  at  least,  it  is  owing  to  the  inversion 
and  consequent  expansion  of  the  metamorphic  strata.  The  same  . 
powerful  agency  compressing  the  strata  is  also  needed  to  explain 
the  singular  fractures  and  indentations  of  the  boulders  in  the  con- 
glomerate. When  these  effects  were  produced,  the  strata  now  seen 
on  the  surface  must  have  been  covered  up  by  an  enormous  thickness 
of  rock  (subsequently  removed  by  denudation),  and  thus  subjected  to 
that  degree  of  temperature  required  to  soften  such  of  the  boulders  as 
have  received  an  impression  from  their  less  fusible  neighbours,  and 
to  re-cement  those  that  were  broken  by  the  pressure. 


6.  Notice  of  some  Baised  Beaches  in  Argyllshire. 
By  Commander  E.  J.  Bedford,  E.N. 

(Ck>mmumcated  by  Sir  R.  I.  Murchison,  V.P.G.S.) 

(The  pablication  of  this  paper  is  deferred.) 

[Abstract.] 

Two  of  these  raised  beaches  are  in  the  Lunga  Islands,  one  of  them 
in  Lunga  Proper,  the  other  in  North  Fullah.  Their  present  altitude 
was  calculated  to  be  40  feet  8  inches  above  high  water  mark.  A 
third  was  found  in  Kerera  Island,  and  has  the  same  height  as  the 
former.  These  were  illustrated  by  highly  finished  sketches  by  the 
author,  which  also  indicated  the  position  of  other  raised  beaches,  in 
Oronsay  at  38  feet  6  inches  in  elevation,  in  the  south-western  angle 
of  Jura  at  34  feet  8  inches,  and  at  Loch  Tarbert,  in  Jura,  at  42  feet 
1  inch,  and  105  feet  5  inches. 


7.  On  Sand-worn  Granite  near  the  Land's-£nd. 
By  R.  W.  Fox,  Esq. 

(Gommanicated  by  Sir  R.  I.  MnrcMson,  V.P.G.S.) 

On  a  recent  visit  to  the  Land's-End,  I  noticed  some  striking  evidences 
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of  the  influence  of  drifting  sand  in  wearing  away  the  smfu^es  of  Kard 
granite  rocks. 

A  little  to  the  northward  of  Land's-£nd  Point  is  Whitsand  Bay, 
the  shore  of  which  is  covered  with  pulverized  shells  mixed  widi 
minute  grains  of  quartz,  forming  together  a  sand  of  dazzling  white- 
ness. The  hill  wmch  rises  hehind  this  bay  is  clothed  with  very  short 
herbage,  springing  from  a  thick  stratum  of  similar  sand ;  and  it  is . 
partly  intersected  by  a  ravine  or  glen,  increasing  in  width  and  depth 
as  it  descends  rapidly  in  a  W.N.W.  direction  to  the  bay  or  beach  ; 
and  a  little  stream  runs  through  the  middle  of  it.  The  steep  sides 
of  the  glen,  instead  of  being  covered  with  herbage,  consist  of  fine 
white  shelly  and  quartzose  sand,  like  that  on  the  beach,  and  numerous 
granite  rocks  appear  above  the  sand,  many  of  them  rising  only  a  few 
inches  out  of  it,  with  nearly  plane  surfaces,  sloping  with  the  sand. 
Other  masses  of  granite  rise  many  feet  above  the  sand ;  but  all  the 
rocks  are  worn,  and  more  or  less  polished,  on  those  surfaces  which 
•  are  inclined  in  any  degree  towards  the  beach,  whereas  their  opposite 
sides,  facing  towards  the  head  of  the  glen,  whether  sloping  or  vertical, 
are  neither  polished  nor  worn.  It  is  evident  that  the  dry  sand,  driven 
by  the  currents  of  wind  rushing  up  through  the  glen,  has  produced 
these  effects ;  and,  moreover,  owing  to  the  directing  influence  of  the 
glen  on  the  wind  passing  through  it,  all  the  granitic  surfaces  which 
are  more  or  less  inclined  towards  the  beach  are  striated  or  furrowed 
parallel  to  the  direction  of  the  glen, — that  is  towards  the  W.N.W., 
except  where  the  direction  of  the  latter  is  a  little  changed,  and  there 
that  of  the  furrows  is  changed  with  it. 

When  the  wind  blew  with  only  a  moderate  force  up  through  the 
glen,  the  surface  of  tde  sand  was  observed  to  be  set  in  quick  motion 
before  it ;  but  the  tendency  of  the  sand  to  slide  down  the  slopes  into 
the  stream  limited  its  further  accumulation. 

The  loose  stones  on  the  sand,  however  hard,  have  their  edges 
rounded  off  by  the  drifting  sand,  just  as  if  they  had  been  long  exposed 
to  the  action  of  water  in  motion,  whereas  the  stones  and  granite- 
rocks  at  and  near  the  head  of  the  glen,  and  on  other  parts  of  the  hill, 
are  not  polished,  furrowed,  or  rounded  like  those  exposed  to  the 
action  of  the  drifting  sand. 


8.  Remarks  on  the  Brown  Coal  of  the  North  o/*  Germany.  By 
Professor  Beyrich.  Communicated,  with  Observations,  by 
W.  J.  Hamilton,  Esq.,  Pres.  G.S. 

Having  received  from  Professor  Beyrich  a  letter,  in  which  reference 
is  made  to  the  Brown  Coal  of  North  Germany,  and  of  which  the 
following  communication  is  an  extract,  I  think  it  right,  for  the  pur- 
pose therein  mentioned,  to  lay  it  before  the  Society. 

'*  A  serious  error  has  crept  into  your  last  paper  respecting  our 
Brown  Coal  formations*,  occasioned,  as  it  appears,  by  a  not  suffi- 
ciently clear  statement  in  Plettner's  Memoir  on  the  Brown  Coal  of 
*  AnniTenary  AddresSi  1855,  Quart.  Journ.  Geol.  Soc,  No.  42.  p.  bciis. 


Digitized  by 


Google 


1855.]  BEYRICH — BROWN  COAL.  551 

Mark  Brandenburg.  You  take  sucb  a  lively  interest  in  the  progress 
of  the  knowledge  of  our  North  German  tertiary  formations,  and  have 
so  successfully  laboured  at  the  work  yourself,  that  I  would  entreat 
you  to  correct  this  error  in  your  Quarterly  Journal,  in  order  to  pre- 
vent its  adoption  in  your  English  literature,  as  well  as  to  obviate  the 
propagation  of  an  incorrect  view  in  Germany. 

"  You  state,  that  in  North  Germany  there  are  two  distinct  Brown- 
coal  formations  : — 1.  The  oldest,  which  at  Egeln,  near  Magdeburg, 
is  overlaid  by  the  marine  sands  parallel  with  the  Syathne  Tongrien 
infirieur  of  Dumont.  2.  A  younger  formation,  which  overlies  the 
Septaria-clay.  Now,  it  must  be  observed,  that  neither  Plettner 
nor  myself,  nor  any  other  German  geologist,  have  ever  stated  that 
the  Septaria-clay  was  under  the  Brown  Coal  (viz.  that  of  Mark  Bran- 
denburg). You  will  at  once  be  convinced  of  this,  if  you  refer  to  the 
Journal  of  the  German  Geological  Society,  vol.  iv.  p.  453,  and  look 
at  the  general  view  of  the  order  of  stratification  which  Plettner  has 
given  as  the  result  of  his  observations.  The  superposition  of  the 
Septaria-clav  over  the  Brown  Coal  was  first  clearly  established  by 
borings  in  the  neighbourhood  of  Sorzig  near  Kothen,  of  which  I  pub- 
lished an  account  m  my  Appendix  to  '  Our  knowledge  of  the  Tertiary 
formation  in  Mark  Brandenburg,'  in  Karsten's  Archives  for  1847. 
In  no  spot  east  of  the  Elbe  has  any  marine,  or  indeed  conchiferous 
tertiary  deposit  been  hitherto  found  either  above  or  below  the  Brown- 
coal  deposits  ;  so  that  we  are  by  no  means  justified  in  assuming  in 
North-Eastem  Germany  the  existence  of  two  distinct  Brown-coal 
formations,  of  such  different  periods  as  would  be  the  case,  if  our 
Brown  Coal  overlaid  the  Septaria-clay.  For  the  present  we  must 
believe  that  all  the  Brown  Coals  of  North-Eastem  Germany  are  older 
than  the  oldest  North  German  marine  tertiary  deposits." — [E.  B.] 

This  correction  of  Professor  Beyrich's  is  a  very  important  one. 
On  referring  to  Plettner's  above-mentioned  memoir,  I  find  that  he 
has  there  stated  that  the  Septaria-clay  is  the  youngest  (jungste) 
formation  in  the  Brown-coal  fields  of  Mark  Brandenburg,  instead  of 
underlying  the  Brown  Coal,  as  I  had  originally  read  the  passage,  not 
having  had  an  opportunity  of  visiting  the  country  myself.  The  con- 
sequences of  this  alteration  in  the  order  of  stratification  are  most 
important.  There  is  a  break  in  North-Eastem  Germany  and  espe- 
cially in  Upper  Silesia  in  that  connected  system  of  superposition  of 
strata  which  I  had  believed  to  exist  from  the  Westeregeln  beds  up- 
wards to  those  of  the  Vienna  basin ;  and  I  am  bound  to  admit,  that 
the  possibility  of  the  Marine  tertiaries  of  Weinheim,  Egeln,  and 
Hesse  Cassel  being  Upper  Eocene,  rather  than  Lower  Miocene,  is 
hereby  considerably  increased.  We  have  still  to  look  for  that  con- 
tinuea  sequence  of  deposit  which  would,  in  my  opiniob,  have  proved 
the  connexion  of  the  tertiaries  of  North  Germany  with  the  younger 
deposits  of  the  Vienna  basin.  The  exertions  of  so  many  able  geo- 
logists who  are  now  engaged  in  the  investigation  of  these  tertiary 
beds,  will,  I  trust,  soon  lead  to  a  satisfactory  conclusion.  In  the 
meanwhile  I  have  been  unwilling  to  withhold  from  the  Society  the 
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possible  modification  of  the  views  I  endeavoured  to  maintain,  or  the 
correction  of  an  error  into  which  I  may  have  unintentionally  led 
them.— [W.J.  H.] 


9.  On  the  Origin  and  Formation  of  the  Bed  Soil  of  Southern 
India.  By  Dr.  W.  Gilchrist,  Surgeon  H.E.I.C.  Madras  Pre- 
sidency. 

(Communicated  by  Sir  R.  I.  Murchison,  V.P.G.S.) 

Various  opinions  have  been  entertained  r^arding  the  nature  and 
origin  of  the  '^  Red  Soil,"  which  constitutes  the  surface-formation  of 
several  extensive  tracts  of  India* ;  and  believing  the  subject  to  be 
one  on  which  geologists  wish  for  further  and  more  exact  information, 
I  steadily  kept  it  before  my, mind  during  the  prosecution  of  a  public 
duty  entrusted  to  me,  of  opening  up  a  line  of  road  through  one  of 
these  Red-Soil  tracts ;  and  the  opportunities  thus  offered,  by  sec- 
tions, &c.,  have  afforded  me  some  interesting  facts  respecting  the 
character  of  the  Red  Soil,  its  origin,  and  the  probahle  mode  of  its 
deposition. 

The  characters  of  the  Red  Soil — ^The  Red  Soil  of  Southern  India 
is  very  variable  as  to  thickness.  It  varies,  according  to  my  observa- 
tions, from  25  feet  to  a  few  inches.  Of  the  thickness  of  about  a  foot, 
I  have  trsced  it  constituting  the  surface-soil  over  a  tract  of  several 
square  miles,  the  hed-rock  below  the  water-worn  stones  which  occur 
in  its  lowest  portion  being  granitic  gneiss  (of  which  also  these  stones 
consist),  generally  in  a  friable  state,  ^m  disinte2;ration. 

In  regard  to  mineral  composition,  the  Red  Soil  in  its  purest  state 
consists  mainly  of  quartz  with  peroxide  of  iron,  and  a  small  quantity 
of  carbonate  of  lime  (in  consequence  of  the  presence  of  which,  it  gene- 
rally effervesces  more  or  less  when  a  mineral  acid  is  thrown  on  it)  ; 
more  or  less  alumina  also  is  contained  in  it  generally.  Quartz  and 
peroxide  of  iron  are  invariably  found  as  ingredients,  and  frequently 
these  only  are  found  to  constitute  the  deposit;  but  hornblende, 
ffranite,  &c.,  rounded  into  gravel,  and  of  vanous  degrees  of  size,  are 
frequently  found  as  part  of  the  formation.  Different  Jocalities  pre- 
sent different  mixtures,  as  might  be  expected  in  a  deposit  wmch, 
previously  to  final  deposition,  had  been  moved  to  and  fro  by  water. 

It  may  be  added,  that,  agriculturally  speaking  the  Red  Soil  is 
fertile :  it  is  also  much  used  by  the  natives  of  Inoua  for  constructing 
the  walls  of  their  huts,  and  even  in  the  better  sort  of  native  houses 
it  is  used  instead  of  mortar  (of  lime  and  sand)  for  plastering  the 
interior.  The  oxide  of  iron  and  quartzose  sand  exert  a  mutually 
binding  or  hardening  power,  so  ihat,  when  completely  dry,  the 
mixture  is  as  hard  as  the  native-made  bricks,  perhaps  more  so. 

I  am  not  prepared  to  speak  as  to  the  relative  geological  age  of  the 

*  [For  a  notice  of  the  Red  Soil  of  the  N%>ar  Disirict,  see  Quart  Journ.  Geol. 
Soc.,  No.  43.  p.  354.— Ed.] 
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Bed-Soil  fonnation,  and  have  made  repeated  search  in  it  for  organic 
remains^  but  without  success. 

The  Origin  of  the  Red  5o£Z.— The  Red  Soil  of  Southern  India  is 
derived  from  the  disintegration  of  the  ferruginous  homblendic  rocks 
so  abundant  and  conspicuous  in  Peninsular  India.  The  portions  of 
these  rocks  that  have  resisted  the  decomposing  agents  under  the 
influence  of  which  the  more  easily  decomposable  parts  have  given 
waj  constitute  ridge-hke  ranges  of  hills,  extending  in  a  direction 
nearly  N.W.  and  S.E.,  continuously  or  in  detached  hills ;  but  in  the 
latter  case,  the  individual  hills  have  a  common  compass-direction. 
These  hills,  in  consequence  of  their  dark  colour,  contrast  strongly 
with  the  lighter-coloured  adjoining  surfaces,  above  which  they  do  not 
rise  higher  than  500  feet,  seldom  more  than  200  or  300  feet.  Their 
declivities  are  steep  and  rough,  consisting  of  blocks  of  rock,  of  from 
one  to  six  feet  of  cubic  contents,  and  of  parallelopipedal  or  spheroidal 
shape.  At  the  lower  part  of  the  decUvities,  the  interstices  between 
these  blocks  are  more  or  less  filled  up  with  reddish  soil ;  but  the 
ridges  of  the  hills  consist  only  of  the  blocks  (the  interstices  being 
unoccupied  with  soil),  heaped  together  in  a  confused  manner. 

With  the  exception  of  about  half  an  inch  or  so  inwardly  from  the 
surface,  these  blocks  consist  of  dark-blue,  confusedly  crystalline, 
tough,  homblendic  rock ;  and  this  nearly  disintegrated  crust  is  of  a 
reddish  colour,  but  of  a  more  yellowish  hue  than  the  colour  of  the 
red  soil. 

These  hills  are  unmistakeabl^  of  a  volcanic  origin,  and  have  broken 
up  the  previously  existing  gramtic  gneiss,  with  which,  in  colour,  they 
strikingly  contrast,  and  intersecting  the  undulatory  or  hilly  surface 
of  which  they  are  frequently  seen  stretching  in  straight  lines  as  far 
as  the  eye  can  reach. 

In  making  sections  on  the  lower  parts  of  the  declivities  of  these 
hills,  or  cuttme  into  surfaces  nearly  level  vnth  the  adjoining  ground, 
in  order  to  make  a  level  line  of  road,  some  of  the  follovnng  varieties 
of  lithological  structure  in  these  trap-rocks  have  presented  them- 
selves : — 

(a)  A  jointed  structure;  the  fragments  having  a  more  or  less 
rhomboidal  shape  (concretionary  rhomboids),  ana  frequently  in  a 
state  of  partial  disintegration,  sometimes  quite  decomposed ;  colour 
red,  though  not  so  dark  as  that  of  the  red  soil.  Occasionally  this 
structure  occurs  with  the  centres  of  the  individual  rhomboidal  con- 
csretions  consisting  of  fresh  undecomposed  rock,  surrounded  vrith  de- 
composed cases  more  or  less  thick. 

(6)  Spheroidal  masses  of  concentric  structure,  more  or  less  decom- 
posed at  surface,  but  with  centres  of  fresh  rock,  extremely  tough, 
and  in  size  varying  from  one  inch  to  one  or  two  feet  or  more  in 
diameter.  The  interstices  between  these  spheroidal  concretions  or 
nuclei  vary  considerably,  from  one  inch  to  two  feet  or  more ;  the 
interstices  occupied  with  red  earth  or  soil*. 

*  I  find  at  Rothesay  (1854)  a  trap  .rock,  on  the  western  side  of  the  dam  of 
Lochfad,  exhibiting  exactly  the  appearance  of  the  variety  6,  above  described.   On 
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(e)  The  above-mentioned  two  kinds  of  nuclei,  more  or  less  inter- 
mixed, but  with  smaller  interstices,  occupied  with  red  earth. 

The  above  varieties  of  condition  of  the  ferruginous  homblendic 
rocks  sufficiently  indicate  that  they  are  more  or  less  composed  of  a 
paste  or  matrix,  relatively  more  easily  decomposable  than  the  con- 
tained concretionary  nuclei.  This  paste,  decomposed,  has  furnished 
the  Red  Soil.  When  in  fitu,  it  has  not  the  full  red  hue  of  that 
soil,  on  account  of  its  containing  all  the  insoluble  ingredients  of  the 
original  rock  ;  amongst  these  is  alumina,  the  presence  of  which,  from 
its  white  colour,  dimmishes  the  depth  of  red  due  to  the  peroxide  of 
iron  so  largely  contained  in  the  red  soil.  The  alumina  is  in  a  highly 
pulverulent  state,  and,  in  consequence,  is  longer  held  in  suspension 
in  water  than  the  other  ingredients  of  the  rock,  and  thus  is  generally 
separated  by  being  transported  to  a  greater  distance  than  the  other 
materials,  when  the  debris  is  subjected  to  the  transporting  influence 
of  water  in  motion  i 

This  separation  can  be  easily  performed  artificially,  and  the  natural 
operation  is  to  be  seen  going  on  in  brooks  running  amongst  or  over 
the  decomposed  rock :  the  bright  red  soil  is  deposited  in  the  less 
rapid  parts  of  the  stream,  while  the  more  buoyant  alumina  is  carried 
further  away. 

The  deposition  of  the  Red  Soil. — Very  frequently  the  red  soil  of 
Southern  India  rests  on  granitic  gneiss.  That  this  granitic  floor 
has  been  the  bed  of  a  sea  or  lake  is  amply  demonstrated  by  the 
water-worn  stones  of  granite,  quartz,  &c.  which  sections  through 
the  red  soil  down  to  this  granitic  floor  brought  to  light.  I  had 
often  seen  these  water-worn  stones  cropping  out  at  the  bottom  of 
the  nearly  perpendicular  red-soil  banks  of  brooks,  but  concluded 
they  were  due  to  the  action  of  the  water  of  those  brooks ;  but, 
when  excavating  through  red  soil  at  distances  from  water-courses,  I 
found  that,  on  reaching  the  granitic  bed,  it  was  rare  that  between 
it  and  the  red  soil  a  layer  of  water-worn  stones  veas  not  found :  ob- 
servations made  over  a  considerable  tract  of  country,  and  miles  apart, 
fully  proved  that  even  the  present  elevated  table-laiid  of  the  Mysore, 
Southern  India,  has  been  at  one  time  under  water,  of  which  these 
widely-spread  water-worn  stones  are  indubitable  proof. 

Thus,  while  the  stratum  on  which  the  red  soil  is  generally  found 
to  rest  is  shown  to  have  been  under  water,  the  movement  of  which 

a  nearly  perpendicular  bank,  about  8  feet  high  and  some  300  or  400  feet  lon^, 
there  crop  out  spheroidal  nuclei,  varying  from  a  few  inches  to  about  3  feet  in 
diameter,  and  of  concentric  structure :  they  are  distributed  at  distances  from  one 
to  several  feet  apart,  in  a  brownish  earth,  which  is  the  debris  m  ntu  of  the  more 
easily  decomposable  portion  of  the  trap.  If  a  stream  of  water  were  to  run  oyer 
this  partially  decomposed  trap,  the  loose  earth  in  which  the  concretionary  sphe- 
roidal nuclei  are  at  present  imbedded  would  be  washed  away  to  form  a  deposit  in 
the  Loch,  if  the  stream  run  into  it,  while  the  nuclei  would  present  a  confused 
assemblage  of  rounded  stones,  and  the  interstices  of  those  at  the  top  of  the  bank 
would  be  empty.  Thus  on  a  small  scale  we  should  have  realized  that  which,  on 
the  wide-spread  surface  of  Peninsular  India,  has  in  bygone  ages  taken  place  on  a 
gigantic  scale. 
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is  proved  bj  its  having  roiuided  the  loose  stones*  under  its  in- 
fluence, the  red  soil  itself  contains  satisfactory  internal  evidence 
of  its  being  an  aqueously  transported  formation.  On  washing  away 
the  finer  red  ferruginous  particles,  by  putting  some  of  the  soil  in 
a  vessel  with  water  and  stirring,  subsequently  renewing  the  water 
until  it  comes  off  clear,  the  residue,  as  seen  through  a  magni- 
fying glass,  will  displav  its  water-worn  character.  It  is  in  fact  a 
gravely  consisting,  in  different  localities,  of  hornblende,  quartz,  &c., 
mixed  up  in  various  proportions,  with  some  carbonate  of  Hme,  and 
rounded  and  water-worn.  Occasionally  I  have  seen  strata  of  coarse 
water-worn  pebbles  in  the  red  soil  itself;  and,  on  the  first  occasion 
of  observing  this,  it  occurred  to  me  to  wash  the  red  soil  itself  as 
above  stated.  Ingredients  foreign  to  the  original  composition  of  the 
ferruginous  hornblende-rock,  of  which  the  red  soil  is  the  debris,  will 
not  fJways  be  found  in  the  soil  itself,  particularly  if  the  deposit  has 
several  feet  of  depth ;  but  those  portions  of  it  that  are  in  near  or 
actual  proximity  to  the  water-worn  stones  interposed  between  the 
granitic  floor  and  the  red  soil  most  generally  contain  more  or  less 
of  the  homblendic  and  granitic  debris  in  the  shape  of  gravel. 

The  conclusion,  therefore,  at  which  I  have  arrived,  after  extensive 
and  repeated  observations  over  some  hundred  miles  of  country,  re- 
garding the  origin  and  character  of  the  Red  Soil,  is  that  it  is  the 
water-spread  debrifi  of  the  ferruginous  homblendic  rocks  of  Southern 
India,  which  were  under  water  either  during  or  subsequent  to  decom- 
position. The  rough  dark  ridges  of  the  homblendic  hOls,  as  at 
present  seen,  are  the  remains  of  the  less  decomposable  nuclei  of  the 
rock,  piled  on  each  other,  after  the  matrix  in  which  they  were  origin- 
ally enveloped  has  been  decomposed  and  washed  away. 


10.  On  the  connexion  of  the  Umret  Coal-beds  with  the  Plant- 
beds  of  Nagpur  ;  and  of  both  with  those  o/*Burdwan. 
By  the  Rev.  S.  Hislop. 

[Ck>mmunicated  by  J.  C.  Moore,  Esq.,  Sec.  6.S.] 

In  the  observations  on  the  Jurassic  Formation  of  the  Nagpur  Ter- 
ritory, which  I  had  the  honour  to  submit  to  Vour  Societjr,  I  showed 
that  it  consisted  of  four  members  in  the  followmg  descendmg  orderf : 
A,  thick-bedded  coarse  ferruginous  sandstone  with  a  few  stems  of 
trees ;  b,  laminated  sandstone,  exceedingly  rich  in  vegetable  remains: 
c,  clay-shales,  of  various  colours,  in  which  are  found  the  traces  of 
reptiles  and  worms ;  and  d,  limestone,  which  within  our  area  is  gene- 
rally crystallized  from  its  contact  with  plutonic  rocks.  At  the  time 
of  penning  these  remarks,  not  having  had  an  opportunity  of  inspect- 

♦  These  stones  are  for  the  most  part  granitic  gneiss,— evidently  detached  pieces 
of  the  underlying  rock. 

t  FikJean/M,  p.369. 
VOL.  XI. PART  I.  2  P 
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iDg  any  of  our  Indian  coal-measures,  I  was  inclined  to  regard  them 
as  the  equiyalents  of  our  argillaceous  strata  marked  c ;  but  having 
recently  enjoyed  this  priyilege,  while  out  on  a  mission  tour  with  my 
friend  the  Rev.  R.  Hunter,  I  propose  to  communicate  the  modifr- 
cations  which  have,  in  consequence,  been  wrought  on  previously- 
fcHrmed  views. 

Our  tour  extended  abovt  1 20  miles  N.N.W.  of  the  city  of  N^gpur, 
— a  distance  which  carried  us  past  the  carbonaceous  strata  near 
Umret,  as  far  as  the  bituminous  shales  at  the  south  base  of  the 
Pachma^i  or  M ahddewa  Hills.  These  localities  had  both  been  visited 
by  Dr.  Jerdon  and  Lieut.  Sankey  in  1852,  and  the  results  of  their 
investigations  have  been  laid  before  your  Society*. 

The  coal-field  of  Umret  is  about  five  miles  north  of  the  village,, 
near  a  small  hamlet  dignified  with  the  name  of  Bari,  or  Great, 
Barkoi,  to  distinguish  it  from  Chhoti,  or  Little,  Bairkoi,  which  lies 
three-quarters  of  a  mile  to  the  south.  Leaving  Umret,  the  traveUer 
passes  over  granite  for  about  a  mile,  when  he  begins  to  ascend  trap- 
nills,  which  continue,  with  only  a  slight  reappearance  of  plutonic 
rock  in  the  low  ground  near  Tawari,  until  within  three-quarters  of  a 
mile  of  Chhoti  Barkoi,  where  they  end  in  an  abrupt  descent,  at  the 
foot  of  which  there  emei^  beds  of  sandst(me,  tnat  constitute  the 
surface-rock  to  the  rivulet  at  Bari  Barkoi.  This  stream  has  cut  a 
passage  through  the  sandstone,  and  laid  bare  the  dark-c^onred 
strata  underneath,  which  are  seen  to  dip  at  an  angle  of  5°  to  the 
W.S.W., — the  direction  in  which  the  water  flows.  The  exposure 
displays  the  following  succession :  overlying  sandstone,  about  50  feet 
thick;  coal,  1^  or  2  feet;  argillaceous  shale,  3  feet;  lHtuminou» 
shale,  1  foot ;  arenaceous  and  micaceous  shale,  3  feet  -,  and  white 
sandstone,  depth  unknown. 

On  observing  the  strata,  and  the  order  in  which  they  occurred,  I 
remarked  to  Mr.  Hunter,  that  the  shale  would  probably  turn  out  to 
be  the  representative  of  the  fissile  sandstone,  aboundijig  in  fossils, 
that  is  so  well  developed  at  Kdmpti,  Silew^c^  Bokh4r4,  Bharatw^ul&» 
&c.  In  hazarding  this  conjecture,  I  took  it  for  granted  that  the 
overlving  rock  was  the  common  sandstone  of  this  country,  which  is 
for  the  most  part  traversed  by  iron-bands.  Search  having  been 
made,  the  iron-bands,  though  not  of  the  typical  character,  were  dis- 
covered.    So  far  the  hypothesis  was  confirmed. 

Additional  light  was  tnrown  on  it  by  examining  the  circumstanoev 
under  which  the  argillaceous  and  bituminous  shales  are  met  with  at 
the  Mah^dewas.  The  sandstone  forming  the  mass  of  that  mountain- 
range  must  be  about  2000  feet  thick,  and  presents  a  line  of  bold 
mural  crags,  extending  E.  and  W.  for  upwards  of  twenty-five  miles. 
The  front  of  the  precipice  is  towards  the  south,  while  the  strata  dip 
at  an  angle  of  5*^  to  the  north,  or,  more  correctly,  N.N.E.  However 
much  the  thickness  of  these  arenaceous  beds  exceeds  that  of  the 
ferruginous  sandstone  in  the  immediate  neighbourhood  of  Nllgpur, 
there  can  be  no  doubt  that  both  rocks  are  the  same,  as  both  possess 
the  same  iron-bands,  which  I  consider  positive  evidence  of  identity^ 
*  Quart.  Joam.  Geol.  Soc.  vol.  x.  p.  5&-. 
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when  they  do  occur ;  though  their  ahsence  may  not  he  conclusive  as 
to  dissimilarity.  Under  the  sandstone^  there  are  about  8  feet  of 
green  shales,  becoming  more  micaceous  and  laminated  bcluw,  and 
succeeded  for  about  3  feet  by  bituminous  shale,  which  disappears 
under  the  surface  of  the  ground.  Unlike  Barkoi,  there  is  no  seam 
of  coal  to  be  seen,  but  the  tendency  to  it  in  the  bituminous  shale  is 
manifest  enough ;  and,  indeed,  this  latter  bed,  as  I  shall  endeavour 
to  show,  when  I  come  to  speak  of  the  organic  remains,  is  palaeonto- 
logically  a  part  of  our  Indian  carboniferous  strata. 

Here  then  at  Barkoi  and  the  Mah^ewas,  as  well  as  near  N^ur, 
we  have  the  same  thick-bedded  iron-banded  sandstone  overlying  in 
the  last-mentioned  locality  more  fissile  strata  of  a  somewhat  similar 
material ;  but  at  the  former  two  places,  superposed  on  argillaceous 
and  carbonaceous  or  bituminous  shales.  Are  then  the  lower  beds 
also  of  the  same  age  in  all  three  localities  ?  Of  the  contemporaneity 
of  the  uiferior  strata  at  Barkoi  and  the  Mah^dewas  there  cannot  be 
two  opinions ;  but  as  those  in  our  immediate  neighbourhood  differ 
in  colour,  and  to  a  considerable  extent  in  composition,  some  hesi- 
tation may  be  felt  in  including  them  in  the  identification.  It  may 
be  supposed  that  there  is  a  deficiency  in  the  one  district,  which  is 
supplied  in  the  other. 

Now  it  may  help  to  remove  doubt  to  mention  that,  even  in  this 
▼icinity  (N^ur),  where  the  lower  strata  are  generally  of  a  whitish  hue, 
they  present  in  their  higher  portion  a  certaiu  quantity  of  clay,  which 
becomes  less  and  less  as  we  descend,  until  at  last,  as  in  the  under- 
lying beds  at  Barkoi,  we  arrive  at  pure  sand.  And  to  complete  the 
analogy  in  regard  to  composition,  it  may  be  added,  that  in  a  particular 
spot  at  Bokh&r^  six  miles  N.  of  N%pur,  the  higher  laminae  now 
referred  to  exhibit  not  only  the  argillaceous  mixture,  but  an  approxi- 
mation to  the  carbonaceous  colour,  being  quite  brown  through  the 
amount  of  comminuted  vegetable  matter  which  they  contain. 

But  for  direct  proof  of  identity  in  age,  an  appeal  must  be  made  to 
the  fossil  contents  of  the  strata  under  comparison.  At  Barkoi  we 
found  the  following  genera :  Glassopteris  and  Ct/clopferis,  with  Phyi- 
lotheca,  Fertebraria,  and  other  stems,  and  a  variety  of  fruits  or  seeds. 
At  the  Mah4dewas,  during  the  very  hurried  visit  which  we  made 
to  that  locality,  we  discovered  Glossopteris,  Phyllotheca,  Fertebraria, 
and  fruits  or  seeds ;  besides  which,  I  beUeve,  our  friend  Mr.  Sankey 
had  previously  brought  to  light  specimens  of  Pecopteris,  Spheno- 
pteris,  and  Trizygia. 

In  regard  to  the  Barkoi  plants,  I  think  there  is  scarcely  one  that 
cannot  be  specifically  matched  with  some  one  from  the  laminated 
argillaceous  sandstone  in  the  vicinity  of  Nagpur.  Of  the  genus 
Glossopteria,  the  bituminous  shale  furnished  several  species;  but 
among  them  there  is  not  one  that  strikes  me  as  not  having  been 
observed  before  in  our  arenaceous  strata.  The  CyclopterU  of  Barkoi 
exactly  agrees  with  that  of  Bharatw&£?4,  both  being  oblong-cuneate, 
and  characterized  by  the  same  venation.  The  most  abundant 
Pkyllotheca  at  Barkoi,  is  one  with  10  sulci,  which  is  also  the  one 
most  frequently  discovered  near  N^ur.     Of  Fertebraria,  there  does 
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not  appear  to  be  more  than  a  single  species,  though  Royle*  has 
formed  a  V,  radiata  from  a  transverse  section  of  the  stem  of  his 
r,  indica,  and  M'Coy  t  has  added  another  species,  F.  australis,  from 
N.  S.  Wales,  because  there  is  a  slight  difference  in  the  radiations  of 
his  transverse  section  from  those  of  Royle' s. 

Taking  the  Vertebraria  found  at  Barkoi  as  belonging  to  the  only 
species  lutherto  discovered  either  in  India  or  Australia,  it  is  satis- 
factory to  ascertain,  that  it  is  just  as  abundant  in  all  the  localities  of 
our  sandstone  as  in  the  coal-formation  of  Barkoi.  Besides  the  Fer- 
tebraria,  there  is  another  stem  common  at  Barkoi,  which  has  its 
exact  counterpart  nearer  N4gpur.  It  is  undescribed,  may  be  distin- 
guished by  its  nearly  opposite  leaf-scars,  and  occurs  plentifully  in 
the  laminated  sandstone  of  Silew^^.  The  fruits  or  seeds  from 
Barkoi  I  have  not  at  present  the  means  of  comparing  with  those  of 
Kdmpti.  One  of  them,  however,  may  be  easily  recognized  as  identical 
with  a  fruit  or  seed  lately  met  with  at  Bharatw^a. 

Between  the  vegetable  remains  of  the  Mahidewas  and  those  of  our 
laminated  sandstone,  a  like  comparison  might  be  instituted.  If,  for 
example,  Mr.  Sankey's  Pecopteris  from  that  locality  agreed,  as  my 
memory  suggests,  with  one  figured  by  M'Clellandjp,  then  it  must 
have  corresponded  with  one  that  occurs  at  Kdmpti.  The  Verte- 
draria,  both  at  the  Mah^ewas  and  near  Ndgpur,  might  be  proved  to 
be  identical,  and  a  general  resemblance  pointed  out  in  regarato  Gioa- 
sopteriSf  Phyllotheca,  and  the  fruits  or  seeds.  But  after  the  state- 
ments of  the  previous  paragraph,  it  is  scarcely  necessary  to  enlarge. 

From  the  above  numerous  coincidences,  it  may  be  inferred  that 
our  laminated  sandstone  is  the  equivalent  of  the  carbonaceous  and 
bituminous  shales  in  the  north  of  this  territory.  It  follows,  as  a 
matter  of  course,  that  the  position  of  the  coal-measures  is  among  the 
beds  immediately  underneath  the  ferruginous  sandstone  (a). 

*  '  Illustrations  of  the  Botany,  &c.  of  the  HimaUyan  Moaatains.'  When  I 
formerly  referred  (Journ.  No.  43.  p.  371,  &c.  and  MS.  account  of  the  fosttl 
plants)  to  this  remarkahle  genus  of  plants,  I  had  not  in  my  possession  a  specimen 
from  the  Indian  coai-shales.  The  recent  examination  of  many  such  has  served 
to  increase  in  my  mind  the  conviction  that  its  character  has  been  misunderstood. 
Its  smaller  branches  are  somewhat  slender  and  apparently  winged.  Sometimes 
they  are  found  lying  along  the  plane  of  the  laminae, — at  other  times  running 
across  it.  When  a  branch  is  discovered  in  the  former  situation,  it  is  found  to  he  split 
in  two  halves,  with  the  wings  that  lie  in  conformity  with  the  lamination  stretched 
at  their  fall  breadth,  while  those  that  lie  at  an  angle  with  it  are,  as  it  were,  fore- 
shortened. In  this  case  there  is  no  trace  of  radiation.  But  when  a  branch  is  found 
running  across  the  hmiinse,  as  often  happens,  all  the  wings  have  equal  room  to  re- 
tain their  form,  and  hence  the  radiated  appearance.  The  number  of  the  radii  or 
wings  differs  in  specimens  which  I  have  examined  from  the  same  locality,  and,  as 
I  believe,  in  portions  of  the  same  plant.  A  similar  want  of  uniformity  in  this 
respect  is  perceptible  in  the  specimens  figurad  by  Royle.  That  there  is  any  such 
thing  as  dichotomous-vdned  foliage  between  the  radii,  does  not  appear  from 
the  shale  specimens  that  have  fallen  under  my  notice.  On  the  contrary  they 
seem  to  be  wholly  destitute  of  leaves.  But  there  is  every  reason  to  think  that 
our  sandstone  specimens  possess  these  appendages,  and  that  they  are  of  a  narrow 
linear  shape  like  those  of  the  PhyUotheca. 

t  Ann.  and  Mag.  of  Nat.  Hist.  vol.  xx.  p.  147. 

I  Keport  of  Geological  Survey  for  1848-49. 
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If  we  look  beyond  this  proyince,  we  shall  find  this  view  amply 
confirmed.  The  account  given  by  Dr.  Walker*  of  the  discovery  of 
fragments  of  coal  at  Kotd,  in  the  Nizam's  dominions,  would  lead  to  the 
belief  that  the  carbonaceous  and  bituminous  shales  which  he  noticed 
were  above  the  highest  bed  of  argillaceous  Hmestone.  But  whether 
this  may  have  been  the  case  or  not,  is  of  little  consequence ;  as  all  I 
contend  for  is,  that  they  are  near  the  base  of  the  iron-banded  sand- 
stone,— a  position  which  must  at  once  be  assigned  them,  when  we 
take  into  account  their  relation  to  the  surrounding  hills  at  Kotdf .  The 
succession  at  Duntimnapilly^,  according  to  the  same  writer,  seems 
to  have  been — ^anthracite,  carbonaceous  sandstone,  and  micaceous 
sandstone.  What  the  rock,  15  feet  thick,  above  the  anthracite  was, 
he  does  not  mention.  But  it  is  worthy  of  remark,  that  the  carbo- 
naceous and  micaceous  sandstone  into  which  the  anthracite  passes 
downwards,  bear  a  great  resemblance  to  the  strata  underlying  the 
coal-seam  at  Barkoi,  and  appear  to  coincide  with  the  8  feet  of  lami- 
nated sandstone  mentioned  by  the  late  Dr.  T.  L.  Bell  m  his  detailed 
description  of  the  rocks  bored  through  at  Kotd.  It  is  to  this  la- 
mented officer  that  we  owe  the  best  materials  for  comparing  the  coal- 
measures  on  the  banks  of  the  Pranhitd  with  those  in  the  north  of 
N^igpur.  The  section  with  which  he  has  furnished  us  is :  sandstone 
(iron-banded),  from  50  to  500  feet ;  argillaceous  limestone  9  feet ;  bitu- 
minous shale  three-quarters  of  an  inch ;  then  argillaceous  limestone,  bi- 
tuminous shale  and  limestone  again,  which  passes  into  the  laminated 
sandstone  alluded  to  above.  Without  quoting  further  from  this  list  of 
strata,  which  has  already  been  published  in  the  Journal  §  of  the  So- 
ciety, I  may  mention  that  the  bituminous  shale  at  Kotd,  though  to  a 
considerable  extent  interstratified  with  argillaceous  limestone,  &c.,  is 
found  only  in  the  upper  half»  while  argillaceous  shales  and  limestone 
preponderate  in  the  lower  half.  Limestone,  according  to  the  most 
recent  information  received  from  Dr.  Bell,  was  the  lowest  rock 
reached  after  passing  through  27  feet  of  red  clay-shale. 

Again,  at  Palamow,  the  first  beds  that  Mr.  Homfray||  came  upon 
under  a  mass  of  sandstone,  150  to  200  feet  thick,  were  shale  and 
coal,  resting  upon  30  feet  of  sandstone,  in  which  we  may  again  trace 
a  similarity  to  the  coal-field  at  Barkoi.  Such  also  is  the  order  of  the 
strata  at  Singr4,  as  given  by  Mr.  Homfray.  Dr.  Carter,  in  his 
admirable  *  Summary  of  the  Geology  of  India  ^,'  shows  that  Jac- 
quemont  found  small  layers  of  anthracite  between  the  strata  of  com- 
pact limestone  which  immediately  underlie  the  Pann^  sandstone. 
According  to  FrankUn**,  in  all  the  glens  connected  with  the  Pannd 
range,  particularly  in  that  of  the  Bagin  River,  black  bituminous 
shale  crops  out  from  beneath  the  sandstone.     Mr.  Osborne's  obser- 

*  Beng.  Asiat.  Soc.  Journ.  vol.  x.  p.  342. 
t  Quart.  Journ.  Geol.  Soc.  toI.  x.  p.  374,  and  note. 
I  Beng.  Asiat.  Soc.  Journ.  vol.  x.  p.  344. 

$  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  231  ;  vol.  ix.p.  351 ;  and  vol.  x.  p.  374. 
Ij  Beng.  Asiat.  Soc  Journ.  vol.  x.  p.  374. 
IF  Bomb.  Br.  Roy.  Asiat.  Soc.  Journ.  No.  19.  p.  201. 
**  Asiat.  Res.  vol.  xviii.  part  i.  p.  103. 
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yations*  prove  that  under  the  sandstone  of  UmlaGhat  there  is  shale 
with  exudations  of  petroleum,  which  is  succeeded  below  b j  alternate 
beds  of  sandstone  and  shale,  limestone  lying  under  all. 

Thus  we  see  that  south,  north,  and  east  of  this  territory,  as  well 
as  within  its  limits,  the  carbonaceous  and  bituminous  shales  maj 
be  said  immediately  to  underlie  the  ferruginous  sandstone.  It  is 
difficult  to  comprehend  the  Burdwan  ooal-fieid  in  our  comparison,  for 
it  seems  to  lie  in  a  basin,  and  the  carboniferous  strata  rise  to  the 
surface  without  any  superincumbent  sandstone.  But  the  connexion, 
which  cannot  be  established  lithologically,  may  be  rendered  rerj 
manifest  by  the  evidence  of  fossils.  Species  of  TrUyffia,  Fertebraria, 
GloMopieris,  and  Peeopteris  are  common  to  the  shales  of  Burdwan 
and  those  of  the  Mah^ewas.  And,  although  Dr.  M'Clelland  has 
professedly  figured  no  Pkyllotheca,  or  Calamite,  as  he  would  name  it, 
from  Bengal,  yet  there  can  be  little  doubt  that  what  he  calls  Poaciie* 
minor  f  is  identical,  wantii^  the  joint,  with  one  of  our  Phyllothecas 
found  both  at  the  Mahddewas  and  Kdmpti,  and  specifically  distin- 
guished by  the  possession  of  8  sulci.  I  am  not  certain,  though  I  am 
disposed  to  think,  that  the  Poaeites  muricataX  of  the  same  author 
is  the  unfurrowed  stem,  with  nearly  opposite  leaf-scars,  described 
above,  p.  558,  as  common  in  the  shale  of  Barkoi  and  the  lami- 
nated sandstone  of  Silew^d.  The  breadth  and  rigid  appearance  of 
our  specimens  are  exactly  the  same  as  in  M*Clelland's  figure,  and 
there  is  occasionally  on  them  a  fine  longitudinal  striadon;  which 
might  be  taken  for  the  venation  of  an  endogenous  leaf. 

Subjoined  is  the  succession,  from  above,  of  our  Indian  Freshwater  § 
Oolitic  Formation,  according  to  the  view  taken  in  this  paper. 

I.  Upper  Sandstone  Series ;  called  by  Dr.  Carter  the  *^  Paimd 
[Punna"]  Sandstone,*' 

In  general,  coarse  and  thick-bedded ;  sometimes  friable,  and  white, 
variegated  with  red  blotches ;  at  other  times  hard  and  of  a  rusty 
colour,  traversed  by  iron-bands.  Contains  a  few  stems  of  trees  about 
the  base.  Thickness  at  N^gpur  25  feet ;  at  the  Mah^ewa  Hills 
upwards  of  2000  feet. 

II.  Latrdnated  Series ;  the  same  as  Dr.  Carter's  "  Kattrd  Shales.^' 

1 .  Either  arenaceous,  carbonaceous,  or  bituminous.  The  arena- 
ceous strata  more  or  less  mixed  with  clay  and  mica ;  laminated  and 
abounding  in  fossils  above,  and  gradually  becoming  coarser,  thicker- 
bedded,  and  more  destitute  of  organic  remains  below.  The  car- 
bonaceous or  bituminous  shales  are  the  equivalents  of  the  laminated 
fossiliferous  sandstone  just  mentioned.  Though  occasionally  alter- 
nating with  argillaceous  limestone,  they  for  the  most  part  pass  into 
micaceous  or  coarse  sandstone.  Thickness  from  300  feet,  in  the 
Ndgpur  territory,  to  2000  feet  in  Bengal. 

*  Beng.  Agiat.  Soc.  Journ.  vol.  vii.  p.  843. 

t  Geol.  Survey,  Tab.  xvL  fig.  4,  with  the  description  at  p.  53. 

t  Ibid.  Tab.  xiv.  fig.  6. 

$  I  here  say  nothing  of  the  Oolitic  strata  in  Cutch,  as  they  are  obviously  marine. 
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2.  Argillaceous  shales,  green,  red,  blue,  and  more  rarely  white,  in 
some  localities  alternating  with  ai^illaceous  limestone.  Contains  the 
traces  of  reptiles  and  worms.  Thickness  about  Nagpur  80  feet, 
though  much  greater  in  the  Bhanddrd  district  to  the  east. 

3.  Limestone,  sometimes  compact,  but  often  crystalline  and  dolo- 
mitic.     Near  Nagpur  100  feet,  at  Moodelaity  310  feet  thick. 

From  the  above  arrangement  of  the  laminated  series,  it  will  be 
seen  there  is  a  difficulty  in  disposing  of  the  limestone.  Beds  of  it 
in  some  districts  of  India  alternate  with  our  No.  2,  and  even  with 
No.  1.  At  Moodelaity,  where  the  latter  appears  to  be  wanting,  th£ 
whole  mass  of  it  is  said  to  overlie  the  argillaceous  shales.  I  have 
followed  the  order  as  it  is  within  this  territory,  where  the  limestone 
is  most  frequently  crystalline,  while  the  red  shale,  lying  above  it,  has 
suffered  no  change  from  heat.  This  I  am  disposed  to  consider  the 
typical  order  of  succession  among  our  "  Freshwater  Oolites."  At 
Kota,  though  the  calcareous  and  bituminous  beds  are  interstratified  to 
a  certain  extent,  yet  the  greater  part  of  the  latter  are  found  above,  and 
of  the  former  below.  Newbold,  who  gives  us  the  superposition  at 
Moodelaity,  embodies  his  views  of  the  order  of  stratification  through- 
out Southern  India  in  these  words: — **The  limestone  occupies,  with 
few  exceptions,  the  lowest  position  in  the  sections  afforded  by  the 
great  lines  of  drainage  of  these  tracts,  and  in  places  where  the  super- 
incumbent strata  have  been  stripped  off.  Next  in  order  of  superpo- 
sition come  calcareous  shales,  mingled  with  much  argillaceous  matter, 
then  argillaceous  shales  and  slates,  sandstone,  siUceous  and  arenaceous 
schists,  quartzose  rock,  and  sandstone  conglomerate  *."  In  some  parts 
of  Bundlekhand  the  Hmestone  occupies  a  high  position :  but,  as  we 
have  had  occasion  to  notice  before,  at  Bdgin  the  bituminous  shale 
lies  above  the  greater  part  of  it.  In  the  coal-fields  of  Bengal  cal- 
careous strata  appear  to  be  wholly  wanting. 

To  complete  the  catalogue  of  our  Indian  Jurassic  Formation,  I 
might  liere  add — 

III.  Lower  Sandstone  Series. 

This  is  developed  at  Moodelaity  and  in  Bundlekhand,  and  has 
received  from  Dr.  Carter  the  name  of  the  "  Tdrd  Sandstone ; "  but, 
as  it  does  not  occur  within  our  area,  except  perhaps  in  the  form  of 
gneiss,  mica-schist,  and  other  metamorphic  rocks,  underlying  our 
crystidlized  limestone,  I  forbear  to  enter  on  the  consideration  of  it 
at  present. 

[Note, — The  age  of  the  Bengal  Coal-fields  is  treated  of  by  Prof. 
Oldham,  Joum.  Asiat.  Soc.  Bengal,  No.  6,  1854,  p.  619;  Edinb. 
New  Phil.  Joum.  New  Ser.  vol.  ii.  p.  210 ;  and  by  Dr.  Carter, 
*  Summary  of  the  Geology  of  India,'  p.  41 . — Ed.] 

♦  Roy.  Asiat.  Soc.  Joum.  vol.  viii.  p.  160. 
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il.    On  same  Minute  Seed-vessels  (Carpolithes  oyui-um 
firongniart),  /ram  the  Eocene  beds  of  Lewisham. 
By  J.  D.  Hooker,  M.D.,  F.R.S.,  F.G.S.  &c. 

[Plate  XVI.] 

Of.  this  remarkable  and  beautifiil  little  fossil  three  or  four  specimens 
have  been  detected  in  the  Eocene  clays  of  Lewisham,  by  the  late 
Rev.  H.  de  la  Condamine,  and  one  of  them  in  so  perfect  a  state  that 
I  have  had  little  difficulty  in  making  out  the  details  of  its  structure. 
They  occurred  associated  with  freshwater  shells  in  the  *'Planorbis 
bed  "  at  Counter  Hill,  and  are  alluded  to  in  Mr.  Prestwich's  valuable 
memoir  on  the  '* Woolwich  and  Reading  Series"  of  the  London 
Tertiaries,  Quart.  Joum.  Geol.  Soc.  vol.  x.  pp.  119  and  156  (see 
also  PI.  3.  fig.  4). 

A  few  other  vegetable  remains  were  found  associated  in  the  same 
bed  with  this  Carpalithes,  but  none  that  throw  anv  light  upon  its 
affinities.  Amongst  these  are  two  kinds  of  Dicotyledonous  leaves, 
together  with  the  pinnae  of  a  Fern  not  differing  in  venation  from 
the  existing  genus  Aspl^nium*,  and  the  remains  of  Monocotyle- 
donous  leaves.  To  the  same  formation,  however,  Mr.  Prestwicb 
has  referred  some  fragments  of  coniferous  and  other  Dicotyledonous 
woods,  and  a  Fir-cone,  referable  apparently  to  the  existing  genus 
Abies  f.  Dr.  Man  tell  also,  in  his  'Geology  of  Sussex^'  has  figured 
some  vegetable  remains  alluded  to  by  Mr.  Prestwicb  as  apparently 
agreeing  with  some  of  the  Reading  species,  of  which  latter  a 
beautiful  series  of  forms,  chiefly  of  leaves  of  Dicotyledonous  trees, 
are  given  at  PL  4  accompanying  the  Memoir  before  mentioned^. 
The  whole  assemblage  appears  to  indicate  that  the  climate  of  the 
period  during  which  they  flourished  did  not  materially  differ  from 
that  of  England  at  present ;  of  which  Mr.  Prestwich's  conclusions, 
drawn  from  the  contemporaneous  animal  remains,  had  already 
afforded  abundant  evidence :  the  same  may  be  said  of  the  plants  with 
which  this  species  has  been  found  associated  in  France,  as  described 
in  M.  Brongniart*s  paper  hereafter  to  be  alluded  to. 

I  have  been  particular  in  detailing  the  above  facts,  because,  though 
so  perfect  in  condition,  I  am  quite  unable  either  to  refer  Carpolithes 
avulum  to  any  known  family  of  plants,  or  to  determine  its  affinities 
approximately ;  and,  though  I  have  laid  the  specimen  and  my  ana- 
lysis before  those  of  my  friends  who  are  most  distinguished  for  a 
profound  knowledge  of  structural  and  systematic  Botany,  they  have 
not  been  able  to  suggest  any  recent  Natural  Order  under  which  it 
should  be  classed.  This  is  the  more  remarkable,  from  the  fact  that 
there  are  no  characters  in  the  Dicotyledonous  leaves  mentioned  above 
that  preclude  their  being  referred  to  living  genera,  and  the.  same  may 
be  said  of  the  Fir-cone  and  the  Fern  leaflet,  whilst  the  Mollusca  and 
Entomostraca  have  been  referred  by  Mr.  de  la  Condamine,  Mr. 

*  Quart  Joum.  Geol.  Soc.  vol.  x.  p.  156.  pi.  3.  fig.  6. 
t  /^irf.p.  156.  pl.3.fig.3. 
X  See  also  ibid,  p  163. 
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Prestwich,  Mr.  Morris,  and  Mr.  Jones  to  living  genera,  with  few 
exceptions. 

Before  entering  upon  the  subject  of  its  affinities,  I  shall  describe 
the  genus,  premising,  however,  that  I  have  assumed  it  to  be  Crypto- 
gamous,  and  have  employed  a  corresponding  terminology. 

Genus  Carpolithes.  Sporangium  coriaceum,  oblongum,  basi  hilo 
notatum,  apice  mamilla  conica  poro  pertusa  instructum,  uniloculare, 
saccum  sporuliferum  continens.  Saccus  membranaceus,  hyalinus, 
reticulatus,  loculo  conformis,  basi  lato  sessilis,  fundo  sporangii  tan- 
tum  adnatus,  caeterum  liber,  apice  conicus,  poro  instructus.  Spores 
majusculae,  oblate-sphericse  vel  discoidese,  centro  depressee,  S-nml- 
tilobse,  e  sporuhs  cuneiformibus  radiatim  dispositis  confiatee.  Spo- 
rttla  subtilissime  striolatae ;  striis  radiantibus. 

1.  Carpolithes  ovulum,  Brongn,  Descript.  G^logique  des 
Environs  de  Paris,  t.  1 1.  f.  6. 

Hab,  Terra  argillacea  fluviatili  Eocena  ad  "  Counter  Hill,"  prope 
villam  "  Lewisham,"  Comitate  "  Kent ;"  invenit  beat.  -R«^"'  Dom, 
H,  de  la  Condamine, 

Sporangium  atrum,  carbonaceum,  longit.  -|^  unc,  diametro  majore 
\  unc,  compressum,  verosimiliter  distortum :  parietes  coriacei,  e 
stratis  plurimis  cellularum .  formati,  superficie  creberrime  areolati, 
opaci;  margine  altero  aciito,  altero  subincrassato  et  vasis  lignosis 
scalariformibusque  percurso;  mamilla  conica  terminali  basi  disco 
elevato  circumdata.  Saccits  internus  hyalinus,  humectatus  hygro- 
metricus,  e  membranis  duabus  tenuissimis  arete  accretis  formatus; 
areolis  cellularum  transverse  oblongis,  apicem  conicum  versus  mino- 
ribus  et  valde  conspicuis.  Spora  majores  ^  unc.  diametro,  minores 
^  unc,  omnes  centro  translucidse,  palhde  flavae. 

For  the  reference  of  this  fossil  to  Brongniart's  .Carpolithes  ovulum 
I  am  indebted  to  Mr.  Morris's  extensive  and  accurate  acquaintance 
with  the  Hterature  of  Paleobotany,  as  well  as  with  the  plants  them- 
selves, he  having  recognized  both  this  and  the  Folliculites,  which  I 
shall  next  describe,  on  my  showing  him  my  drawings  and  analyses. 

The  C.  ovulum  was  first  noticed  in  Cuvier  and  Brongniart's  '  De- 
scription G^ologique  des  Environs  de  Paris,'  as  having  been  found 
associated  with  tertiary  freshwater  fossils.  M.  Brongniart  hesitated 
whether  to  consider  it  as  a  seed  or  a  monospermous  pericarp,  and 
very  doubtfully  suggests  a  possible  affinity  with  Nymphaacea.  This 
alliance  is  not,  however,  alluded  to  under  NympJueacetB  in  his  later 
*  Tableau  des  Genres  de  V6g§taux  fossiles,'  and  is,  I  presume, 
abandoned. 

It  is  remarkable  that  the  additional  knowledge  we  now  possess  of 
this  fossil  should  throw  no  more  direct  hght  upon  its  affinities. 
Even  if  we  discard  the  idea  of  its  being  a  sporangium  and  of  crypto- 
gamic  origin,  the  terminal  mamilla  is  very  pecuhar,  and  the  definite 
aperture  at  the  apex  of  the  internal  sac  is  hardly  analogous  either  to 
the  micropyle  in  the  testa  of  a  seed,  or  to  any  opening  in  the  mem- 
brane enclosing  the  albumen.   The  arrangement  of  the  cells  of  which 
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the  internal  sac  is  foimed  is  also  peculiar,  for  they  gradually  diminish 
in  size  towards  the  terminal  pore,  and  eyidentlj  indicate  that  the 
latter  performs  some  important  office. 

The  spores  themselves  are  very  numerous,  though  the  sac  was 
not  at  all  full  of  them.  The  Rev.  Mr.  Berkeley,  to  whom  I  showed 
them  in  titu,  and  who  most  carefully  went  over  my  analysis,  was 
quite  unable  to  suggest  any  other  explanation  of  their  origin  than 
that  they  really  were  the  reproductive  organs  of  the  fossil ;  though 
equally  impressed  with  myself  by  the  pheenogamic  character  of  the 
whole,  and  quite  unable  to  compare  the  spores  with  those  of  any 
cryptogamic  plant  known  to  him. 

From  the  opacity  and  brittleness  of  the  walls  of  the  sporangium, 
I  was  unable  to  obtain  good  sections  at  all  points ;  but  it  seems  to 
consist  chiefly  of  a  dense,  compact  cellular  tissue,  traversed  on  one 
side  (where  there  is  an  evident  thickening)  by  a  bundle  of  vessels 
passing  from  the  base  to  the  terminal  mamilla.  The  cells  of  the 
outer  surface  are  denser,  and  have  thicker  walls,  than  those  of  the 
inner,  and  are  further  perforated  by  canals  passing  from  cell  to  cell ; 
the  prominence  of  these  cells  gives  the  outer  surface  its  reticulated 
appearance.  The  inner  surface  again  is  lined  with  much  lai^r,  ob- 
long, hexagonal  cells,  with  short  transverse  bars  on  their  walls.  The 
scalariform  vessels  of  the  vascular  bundle  closely  resemble  spiral 
vessels,  but  are  not  in  a  sufficiently  perfect  state  for  an  accurate 
analysis;  they  are  accompanied  by  fusiform  cells,  and  tubes,  ap- 
parently of  pleurenchyma.  The  elevated  disc  surrounding  the 
base  of  the  terminal  mamilla  is  irregular  in  outline,  and  may  be  the 
remains  of  a  membrane  that  once  covered  the  apical  pore ;  the  ma- 
milla itself  appears  to  be  composed  of  but  one  stratum  of  cells,  but 
this  is  doubtful. 

The  sporular  sac  is  a  singularly  beautiful  structure,  being  as  trans- 
parent, and  apparently  as  perfect,  as  when  fresh,  absorbing  moisture 
and  expanding  under  it ;  it  is  soluble  in  boiling  nitric  acid,  but  I 
failed  to  produce  any  reaction  upon  it  or  upon  the  spores  with  iodine 
or  sulphuric  acid.  It  is  easily  ruptured,  and  appears  to  be  formed 
of  two  layers  of  excessively  delicate  cellular  tissue,  whose  areolae  are 
not  conformable  to  one  another,  except  at  the  apex  of  the  sac ;  the 
latter  is  conical,  and  no  doubt  once  occupied  the  cavity  of  the  ma- 
milla of  the  sporangium,  from  which  it  nas  become  retracted  after 
the  dispersion  of  the  majority  of  the  spores,  and  the  consequent  col- 
lapse of  its  walls. 

The  spores  are  amber*  coloured,  and  the  depressed  central  areola  is 
sometimes  occupied  by  an  opaque  or  transparent  mass :  the  delicate 
radiating  striee  on  the  wedge-shaped  sporules  have  suggested  the 
generic  name  of  Rhytidotporum*,  should  it  be  found  advisable, 
when  the  structure  of  other  Carpolithesf  is  better  known,  to  separate 
this  from  them. 

Except  for  the  presence  of  the  spores  in  the  sac  of  this  specimen, 

♦  From  Gr.  pvrU,  a  wrinkle,  and  ffiropav,  a  spore. 

t  As  at  present  limited,  CarpoUthet  is  an  artificial  assemblage  of  organs  of 
fructification. 
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I  should  have  had  little  hesitation  in  referring  it  to  Phaenoganious 
plants,  and  there  is  much  that  recalls  the  structure  of  the  seed  of 
MtignoliacetB.  In  Magnolia  itself  the  seed  consists  of  a  crustaceous 
testa  (with  a  fleshy  outer  coat),  perforated  at  the  micropyle,  and  tra- 
versed along  one  side  hy  vascular  cords ;  it  further  contains  a  delicate 
membranous  sac,  almost  identical,  in  microscopical  structure,  in 
situation,  and  in  mode  of  attachment  to  the  testa,  with  that  of 
CarpoUthes  ovulum ;  but  there  is  not,  upon  the  membrane  of  the 
Magnolia  seed,  the  defined  apical  pore  tnat  there  is  in  this  fossil, 
nor  does  it  contain  any  contents  analogous  to  whftt  I  have  here 
described  as  spores. 

In  the  present  state  of  our  knowledge,  if  the  striated  bodies  in 
the  sac  are  to  be  regarded  as  spores,  then  C.  ovulum  must  be  referred 
to  Cryptogamia,  and  it  will  rank  nearer  Ferns  than  any  other  class ; 
for,  though  the  membranous  inner  sac  more  resembles  that  of  Mosses 
in  its  structure  than  any  known  Fern,  the  vascular  bundle  is  opposed 
to  that  alliance,  as  is  the  insertion  of  the  sac,  and  the  form  and 
structure  of  the  spores. 

There  is  a  remarkable  analogy  between  the  structure  of  this 
Counter  Hill  fossil  and  the  genus  Folliculites^  which  I  shall  shortly 
describe*,  and  which  is  abundant  in  the  Tertiary  lignites  of  the 
Bovey  Tracey  Coal-field  in  Devonshire, — ^the  position  and  structure 
of  the  sac  being  identical ;  but  the  sporangium  or  outer  coat  of  Fol- 
iiculites  dehisces  longitudinally,  the  sac  does  not  open  by  a  terminal 
pore,  and  I  have  found  no  traces  of  sporules  in  the  numerous  speci- 
mens of  that  genus  which  I  have  examined. 

DESCRIPTION  OP  PLATE  XVI. 

(All  the  figures  except  fig.  1  are  more  or  less  highly  magnified.) 

Fig.  1.  CarpoUthet  ovulum;  natural  size. 

Fig.  2.  The  same  magnified :  a.  the  thickened  edge  traversed  by  the  vascnlar 

cord ;  6.  the  terminal  mamilla  and  pore. 
Fig.  3.  The  same,  looking  towards  its  apex,  and  fig.  4.  towards  its  base. 
Fig.  5.  Cellular  tissue  of  the  surface. 
Fig.  6.  Mamilla  and  terminal  pore. 
Fig.  7.  Transverse  section  of  its  tissue. 
Fig.  8.  Vertical  section  of  thickened  edge  and  vascular  cord. 
Fig.  9.  Portion  of  cord  highly  magnified. 
Fig.  10.  Cellular  tissue  of  the  outer  surface  of  the  sporangium  near  the  cord, 

showing  the  canals  in  the  cell-walls. 
Fig.  11.  The  same  from  towards  the  apex  of  the  sporangium. 
Fig.  12.  Cells  of  inner  wall  of  sporangium. 
Fig.  13.  Vertical  section  of  sporangium  showing  the  inner  sac 
Fig.  14.  Upper  portion  of  sac. 
Fig.  15.  Tissue  of  lower  part  of  sac. 
Fig.  16.  Tissue  of  apex  of  sac. 
Fig.  17.  More  highly  magnified  view  of  membrane  of  the  sac,  showing  it  to 

be  formed  of  two.    (With  a  spore  attached.) 
Fig.  18.  Spores. 
Fig.  19.  Sporules. 

*  See  below,  p.  566. 
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12.  On  some  small  Seed-vessels  (Folliculites  minutulus, 
Bronn)  from  the  Bovey  Tracey  Coal.  By  J.  D.  Hooker, 
M.D.,  F.R.S.,  F.G.S. 

[Plate  XVIL] 

The  remarkable  fruit  which  forms  the  chief  subject  of  the  present 
communication  was  first  brought  under  my  notice  by  my  lamented 
friend  the  late  Prof.  £.  Forbes,  w&o  pointed  out  to  me  specimens  of 
it  in  the  Museum  of  the  Geological  Survey,  and  entrusted  me  with  a 
couple  for  examination.  Shortly  after  having  made  a  complete 
analysis  of  these,  a  very  fine  series  of  Bovey  Tracey  peats  and  lig- 
nites was  sent  to  the  Museum  of  the  Uoyal  Gardens  of  Kew,  by  Dr. 
Croker,  amongst  which  were  numerous  specimens  of  the  same  fossil 
in  an  excellent  state  of  preservation.  An  examination  of  several  of 
these  has  enabled  me  to  add  a  little  to  the  analysis  which  I  had  pre- 
viously made,  and  has  confirmed  it  in  all  essential  points. 

As  was  the  case  with  Carpolithes  ovulum  *,  there  are  no  fossil 
vegetable  remains  accompanying  the  Folliculites  that  suggest  any 
clue  to  its  botanical  affinity.  The  mass  of  the  lignite  appears  to  be 
formed  of  coniferous  wood,  some  in  the  state  of  cliarcoal,  and  the  re- 
mainder more  or  less  highly  bituminized. 

From  Dr.  Croker*s  description  and  accompanying  sections  t,  the 
main  body  of  the  formation  seems  to  consist  of 

1 .  A  bed  of  peat  containing  trunks  of  trees  not  now  found  in  the 
immediate  neighbourhood,  but  which  appear  to  me  to  agree  in  micro- 
scopical character  with  the  common  Maple  {Acer  campestre).  These 
are  quite  fresh  and  white,  and  lie  in  immediate  contact  with  the 
surface  of  the  uppermost  bed  of  lignite. 

2.  The  upper  layers  of  lignite  are  very  different,  and  in  them  was 
found  a  cone,  so  closely  resembling  that  of  a  Scotch  Fir  (Pinita 
sijloestris),  that  I  doubt  its  being  specifically  distinct  from  that  plant. 
The  only  specimen  hitherto  discovered  appears  to  have  been  nearly 
or  fully  ripe,  and  contains  winged  seeds,  also  quite  agreeing  with 
those  of  the  Scotch  Fir.  This  upper  lignite,  when  microscopically 
examined,  is  fomid  to  be  composed  of  coniferous  wood,  and  is  similar 
to  the  lower  lignite. 

3.  Beneath  the  upper  layers  of  the  lignite  is  a  thick  bed  of 
ferruginous  granitic  sand. 

4.  Ten  beds  of  good  coal  (lignite),  the  upper  of  which  are  parted 
by  beds  of  blue  clay. 

Below  the  blue  clay  is  the  layer  containing  the  Folliculites,  which 
are  thickly  strewed  over  the  surfaces  of  the  laminae  of  lignite,  and 
slightly  imbedded  in  them,  as  if  the  latter  had  been  soft  when  the 
deposit  was  formed.  They  lie  in  all  directions,  but  always  on  their 
fiat  sides,  as  if  they  had  been  floated  into  the  places  they  occupy ; 
though  this  by  no  means  follows,  as  their  compressed  form  may  be 
due  to  pressure. 

Small  pieces  of  resin,  similar  to  the  '*  Highgate  Resin,"  are  found 

*  See  above,  p.  562. 

t  See  also  Parkinson's  '  Oi*ganic  Remains/  vol.  i.  p.  126  &c. 
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in  the  clay,  and  were  probably  secreted  by  the  coniferous  trees  whose 
wood  appears  to  form  the  mass  of  the  coal. 

The  existence  of  a  Pine-cone>  so  closely  resembling  that  of  a  tree 
still  existing  in  Great  Britain  that  it  cannot  be  specifically  distin- 
guished from  it,  would  seem  to  refer  the  Bovey  Tracey  Coal-field  to 
the  Post-pliocene  epoch  without  any  doubt,  and  is  an  extremely  in- 
teresting discovery.  This  cone  is  wholly  carbonized,  and  the  woody 
interior  of  its  scales  and  axis  is  highly  bituminized.  The  seeds,  how- 
ever, may  be  easily  separated  from  the  cone,  and  their  membranous 
wings  are,  though  carbonized,  quite  perfect.  From  a  microscopical 
analysis  of  the  wood-cells  of  the  cone,  I  see  no  reason  to  doubt  that 
it  belonged  to  the  species  that  yielded  the  coniferous  wood  with 
which  it  is  associated ;  and  I  find  no  character  in  this  wood  either 
that  prevents  its  being  referredto  the  Scotch  Fir.  It  must,  however, 
be  borne  in  mind  that  this  identification  is  provisional  only;  for, 
after  a  study  of  a  very  complete  collection  of  cones  of  existing  Pines 
in  the  Museum  of  Kew,  I  have  found  that  it  is  quite  impossible  to 
distinguish  by  the  cones  alone  several  species  from  very  distant 
countries,  which  are  nevertheless  amply  characterized  by  their  leaves 
and  other  organs.  So  also  the  cone  of  the  Scotch  Fir  is  not  the  only 
one  to  which  that  found  in  the  Bovey  Tracey  lignite  might  be  referred ; 
though  I  do  not  think  that  it  agrees  better  with  any  other  species 
than  with  this. 

Genus  Folliculites,  Bronn. 

Sporangium  oblongum  vel  lineari-oblongum,  compressum,  utrinque 
obtusum,  leviter  curvum,  infra  apicem  pauIo  constrictum,  longitu- 
dinaliter  leviter  sulcatum,  uno  latere  a  basi  ad  apicem  longitudinaliter 
dehiscens,  cavum ;  cavitas  ovato-oblonga,  supra  basin  paulo  constricta, 
saccum  continens.  Saecus  membranaceus,  hyalinus,  loculo  conformis, 
fundo  constricto  loculi  adnatus,  apice  attenuatus,  rima  brevi  oblonga 
lateraliter  versus  apicem  dehiscens.  Sporal  minimse,  irregulares, 
subglobosse  vel  oblongee. 

Sporangium  crassum,  crustaceum,  i  unc.  longum,  e  stratis  plurimis 
cellularum  minutarum  dense  compactarum  conflatum.  Superficies 
exterior  sub  lentepunctato-areolata;  interior  strato  cellularum  majo- 
rum  vestita,  cellube  oblongse  vel  lineares,  aliee  transverse  clathratse 
vel  scalariformes,  punctatse,  cribratae  vel  varie  porosse,  parietibus  con- 
tiguis  rectis  vel  undulatis.  Saccus  intemus  transparens,  e  membrana 
simplici  formatus,  cellulis  compressis  transverse  oblongis  ^uadratisve 
areolatus,  cellulis  versus  apicem  minoribus  et  magis  distinctis,  lineis  in- 
tercellularibus  sub  lente  maxime  augente  subtilissime  moniliformibus. 

Folliculites  minutulus,  Bronn,  Letheea  Geognost.  p.  849, 
pi.  35.  fig.  11. 

Hab.  In  terra  carbonacea  pleiocena  ?,  ad  ''Bovey  Tracey,"  Comi- 
tate "Devon." 

The  specimens  of  this  fossil  agree  well  with  the  somewhat  rude 
figure  ot  Bronn' s  quoted  above,  which  is  taken  from  a  specimen 
found  in  the  Brown  coal ;  but  it  may  be  doubted  whether  they  are 
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not  also  referable  to  another  presumed  species,  that  on  which  the 
genus  was  established,  the  F,  Ealtennordkemensis,  Zenker  (in  Leon- 
hard  andBronn's  Jahrbuch,  1833,  p.  177.  pi.  4.  fig.  A.  3-7),  which, 
however,  represents  a  rather  larger  and  narrower  fossil  than  the 
present. 

The  original  species  of  FollieuUte*  is  the  F,  thalieiraideSy  Zenker 
{CarpolitheM  thalictroides,  Brongniart),  a  fossil  first  noticed  by 
the  elder  Brongniart,  in  1810,  in  a  paper  published  in  the  '  Annales 
du  Museum,'  Tol.  xy.  p.  382.  pi.  33.  fig.  17.  It  is  there  referred 
to  the  y^table  kingdom,  though  an  alliance  with  Insects  is  hinted 
at ;  the  species  is  a  large  one.  In  1822  it  was  twice  described  bj 
the  younger  Brongniart,  who  named  it  C,  thaliciroiefes,  in  a  paper, 
by  Guvier  and  himself,  on  the  Greology  of  the  £nvirons  of  Paris, 
pi.  11.  fig.  4  &  5,  and  in  his  "  Classification  des  V^g^taux  fossiles," 
M^moires  du  Museum,  vol.  viii.  p.  317. 

Brongniart  was  not  aware  of  the  dehiscence  of  the  fruit,  and 
considered  it  to  be  allied  to  Thalictrum.  Two  varieties  of  it  are 
described;  one,  var.  Parisiense,  from  Miocene  beds  near  Paris, — 
the  other,  var.  Websteri^  from  the  Eocene  formation  of  the  Isle  of 
Wight.  More  lately,  in  his  'Tableau  des  Genres  de  V^taux 
fossiles,'  he  considers  these  as  distinct  species  (C  thalictraides  ^nd 
C  Websteri),  and  follows  linger  in  referring  them  to  Naiadeae,  who, 
he  says,  is  perhaps  right  in  this  reference,  though  they  differ  very 
much  from  any  existing  genus  of  the  Order  (p.  87).  Zenker's  genus 
FolHeulites  appears  not  to  be  alluded  to  in  the  '  Tableau  des  Grenres 
de  V^getaux  fossiles '  of  M.  Brongniart,  though  published  sixteen 
years  before  that  excellent  work. 

Whatever  may  be  the  true  affinities  of  Folliculites,  I  think  they 
are  very  remote  from  both  Naiadea  and  Ranunculacea,  The  internal 
sac  is  regarded  as  an  arillus  by  Zenker,  a  view  which  appears  to  me 
to  be  untenable ;  and,  if  not  the  membrane  of  a  sporular  sac,  it  is  most 
likely  the  proper  coat  of  an  embryo  or  albumen. 

I  have  examined  about  twenty-five  specimens  of  this  remarkable 
fossil,  all  in  a  very  perfect  state  as  regards  the  sporangium  and  en- 
closed sac,  but  differing  a  little  in  .the  nature  of  the  cellular  layer 
forming  the  inner  lining  of  the  sporangium.  Owing  to  the  very 
brittle  and  perfectly  opaque  carbonized  state  of  the  fossil,  I  was  un- 
able to  malce  sections  or  sUces,  and  the  tissues  of  the  inner  surface 
were  obtained  piecemeal. 

The  substance  of  the  walls  of  the  sporangium  is  dense,  opaque, 
thick,  and  brittle,  formed  of  many  rows  of  densely  crowded  cells ;  the 
outer  surface  is  undulated  and  minutely  dotted ;  the  thickened  apex 
is  rounded  and  vertically  striated.  The  dehiscing  surfaces  are  smooth 
and  polished,  and  a  groove  or  canal  leads  from  the  upper  end  of  the 
internal  cavity  to  the  apex  of  the  fossil. 

The  membrane  Hning  the  inner  wall  of  the  sporangium  is  formed 
of  large  turgid  cells,  having  a  glistening  appearance ;  they  are  trans- 
parent, membranous,  brittle,  and  of  a  rich  brown  colour.  The  indi- 
vidual cells  are  oblong,  cylindrictal,  with  blunt  bases,  often  produced 
into  a  convex  sac  (8  a),  and  their  upper  ends  frequently  terminate  in 
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blunt,  opaque,  prominent  cones  that  stand  out  from  the  surface  of  the 
membrane.  The  cell-wall  is  marked  with  very  faint  oblique  lines, 
appearing  more  like  undulations  of  the  cell-wall  than  a  thickening  of 
it  or  deposit  on  it.  Under  a  very  high  magnifying  power,  the  lines 
marking  the  junction  of  the  contiguous  cell-walls  have  a  beautifully 
beaded  appearance  (fig.  8). 

Beneath  this  investing  coat  of  the  cavity  I  occasionally  found 
broken  pieces  of  tissue,  represented  by  figs.  9-13,  which  approach 
vascular  tissue  in  character. 

The  attachment  of  the  sporular  sac  is  by  a  broad  base,  that  adheres 
to  the  somewhat  excavated  base  of  the  cavity  of  the  sporangium ;  the 
apex  of  the  sporular  sac  is  drawn  out  into  a  very  fine  point,  which 
projects  into  the  tubular  canal  at  the  apex  of  the  sporangium,  and  is 
there  united  to  the  cellular  tissue  lining  the  latter.  The  sporular  sac 
finally  becomes  retracted  from  this  canal,  and  tears  away  a  portion  of 
its  lining  membrane  with  it  (fig.  5). 

The  substance  of  the  sporular  sac  is  extremely  delicate,  but  firm 
and  brittle,  transparent  and  glassy  ;  it  does  not  expand  in  water  like 
that  of  Rhytidosporum  *,  but  is  dissolved  in  hot  nitric  acid,  and  pre- 
sents no  action  with  iodine. 

The  very  different-looking  cellular  tissues  figured  are  all  evidently 
referable. to  one  type,  but  they  may  have  belonged  to  more  than  one 
layer.  Some  of  the  longer  (fig.  10-13)  approach  vascular  tissue  in 
character ;  but  I  was  quite  unable  to  detect  any  stronger  evidence  of 
vascular  tissue,  which,  however,  may  very  well  be  supposed  to  exist 
along  the  edge  of  the  fossil  opposite  the  suture. 

The  sporular  sac,  in  its  origin,  insertion,  membranous  nature,  &c., 
closely  resembles  that  of  Carpolithes  ovulum,  but  differs  in  many 
remarkable  pomts  of  form  and  anatomy ;  thus  it  bursts  by  a  minute 
oblong  sUt  below  the  narrow  sharp  apex,  and  appears  to  be  formed  of 
but  one  layer  of  very  compressed  cellular  tissue.  Under  a  very  high 
magnifying  power  (-j^  lin.  doublet,  or  \  inch  object-glass)>  this  tissue 
presents  the  same  beautiful  appearance  that  the  lining  membrane  of 
the  sporangium  does,  the  boundary-lines  between  the  cells  being 
formed  of  strings  of  minute  spherical  bodies  of  various  diameters, 
and  the  intermediate  membrane  is  either  transversely  undulated,  or 
appears  so  from  the  presence  of  excessively  fine,  parallel,  waved  lines. 
What  I  have  regarded  as  spores  were  the  only  contents  of  the  sac  in 
one  of  the  specimens,  and  consisted  of  a  mass  of  extremely  minute 
spherical  or  oblong  transparent  bodies,  of  various  sizes.  In  the  other 
specimens  the  sac  was  perfect ;  but  its  cavity,  and  that  of  the  sporan- 

§ium,  were  filled  with  fine  silt,  amongst  which  I  could  detect  no 
efinite  remains  of  vegetable  tissue. 
With  regard  to  the  affinities  of  this  fossil  it  is  exceedingly  difficult 
to  speak.  The  sporular  sac  at  once  suggests  an  alliance  with  Mosses, 
and  the  traces  of  vascular  tissue  in  Carpolithes  ovulum,  to  which  it  may 
be  assumed  to  be  alhed,  with  Ferns.  There  are,  however,  very  grave 
objections  to  these  affinities  for  either  of  the  fossils.   Thus,  as  regards 

•  Sec  above,  p.  564. 
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Mosses,  their  sporular  sac  has  a  very  different  insertion  and  ori^n 
from  that  of  these  plants,  being  almost  inyariablj  traversed  bv  an  in- 
truded duplicature  of  itself,  called  the  columella,  and  being  attached 
to  the  waib  of  the  sporangium  by  a  delicate  confervoid  arachnoid 
tissue,  of  which  these  fossils  present  no  traces. 

The  apical  dehiscence  of  the  inner  sac  of  Folliculites  and  the 
lateral  dehiscence  of  that  of  Carpolithes  do  not  form  valid  objections 
to  the  alliance  with  Musci,  though  unknown  in  that  Order.  The 
porous  and  barred  cells  of  Folliculites  may  be  considered  analogous 
to  the  curious  cellular  tissue  oi Sphagnum  leaves;  but  there  is  in 
Mosses  no  known  analogue  of  the  vascular  bundle  of  Carpolithes, 

Upon  the  whole  I  think  it  probable  that  these  bodies  may  have 
belonged  to  a  group  of  plants  more  nearly  allied  to  Ferns  than  to  any 
known  living  Order,  if  not  absolutely  belonging  to  the  Filicoid  al- 
liance ;  and,  considering  how  little  we  know  of  these  fossils  on  the  one 
hand,  and,  on  the  other,  the  very  great  diversity  of  form  and  anatomy 
in  the  sporangia  of  Ferns,  it  appears  to  me  to  be  unadvisable  to 
found  upon  these  specimens  an  independent  family.  Added  to  this 
is  the  fact,  that  the  recent  discoveries  in  the  reproductiTe  organs  and 
mode  of  germination  of  the  Cryptogamic  plants  generally  have  thrown 
a  light  upon  these  families,  wMch  tends  rather  to  enlarge  our  views 
of  their  limits  than  the  contrary. 

DESCRIPTION  OF  PLATE  XVII. 
(All  the  figures  except  1  a  are  more  or  less  highly  magnified.) 

Fig.  I,  a.  FoUieuUtet  mmutufutf  natural  size  i  hb.  the  same  magnified. 

Fig.  2.  Magnified  view  of  another  specimen. 

Fig.  3.  The  same,  presenting  the  dehiscing  face. 

Pig.  4.  Portion  of  the  outer  wall  of  the  sporangium. 

Fig.  5.  Vertical  section  of  the  sporangium,  showing  the  position  of  the  sporular 
sac 

Fig.  6.  Vertical  section  of  another  specimen,  showing  the  inner  lining  mem- 
brane (a)  and  the  base  of  the  sporular  sac  (6;,  the  upper  part  of  which 
has  been  removed. 

Fig.  7.  Portion  of  the  lining  membrane,  formed  of  cylindrical  turgid  cells  with 
often  convex  bases  and  conical  opaque  apices. 

Fig.  8.  More  highly  magnified  view  of  a  portion  of  the  same,  showing  at  a 
the  convex  base  of  a  cell. 

Fig.  9.  Portion  of  a  fragment  of  a  membrane  that  appeared  to  line  the  cavity  of 
another  specimen,  but  which  I  suspect  was  originally  beneath  that 
figured  at  7. 

Figs.  10-13.  Various  cells  with  dots,  perforations,  &c  in  their  walls,  or  trans- 
verse bands,  and  which  appeared  to  underhe  the  superficial  membrane 
of  the  cavity  at  different  parts  of  the  sporangium. 

Fig.  14.  The  sporular  sac ;  showing  its  acuminate  apex  with  the  oval  opening  (a) 
below  it,  and  above  the  opening  the  remains  of  the  membrane  that 
lined  the  base  of  the  canal  at  the  apex  of  the  sporangium. 

Fig.  15.  Very  highly  magnified  view  of  the  apex  of  the  sporular  sac,  &c 

Fig.  16.  Membrane  of  the  sac. 

Fig.  17.  A  portion  of  the  same,  showing  the  beaded  appearance  of  the  cell- walls. 

Fig.  18.  Spherical  and  oblong  sporiiles  ? 
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M.  Tuomey. — Copper  mines  at  Duck  Town,  Tennessee,  181. 

H.  R.  Schoolcraft. — Discovery  of  a  Coal-hasin  on  the  Western 

border  of  the  Lake  of  the  Woods,  232. 
H.  B.  Geinitz's  Darstellunf  der  Flora  des  Hainichen-Ebersdorfer 

und  des  Flohaer  Kohlenbassins,  271. 
£.  D.  North.—The  "  Fountain  of  Blood  "  of  Honduras,  287. 
Dufrenoy. — Large  Diamond  from  Brazil,  288. 
Roret. — Line  of  perpetual  snow  in  the  Alps,  290. 
C.  M.  WetheriU.— Gold  found  near  Reading,  U.S.,  290. 
Obituary  Notice  of  Prof.  £.  Forbes,  290. 


No.  57.     May  1855. 


J.  L.  Smith. — Memoir  on  Meteorites,  322. 

J.  C.  Warren. — Supernumerary  tooth  in  Mastodon  giganteus, 

349. 
J.  D.  Dana. — Supplement  to  '  Dana's  Mineralogy,'  No.  L,  353. 
Murchison's  '  Siluria,'  review  of,  371. 
C.  H.  Hitchcock.—Tracks  on  clay,  in  Hadley,  Mass.,  391. 
Simmons  on  American  Geology,  397. 
T.  S.  Hunt.— Minendogical  Notes,  Meteorite,  Nickel,  &c.,  416, 

428. 
Mineralogical,    Geological,    BibUographical,  and  Miscellaneous 

Notices. 

.     No.  58.     July  1855. 

£.  Hitchcock,  junr. — New  species  of  Clathropteris  from  the  Con- 
necticut Valley  sandstone,  22. 

Lachlan. — Periodical  rise  and  fall  of  the  Lakes,  45. 

J.  D.  Whitney. — Mineral  veins  and  East  Tennessee  copper-mines, 
53. 

W.  P.  Blake.— Gold  Region  of  California,  and  crystalline  gold,  72. 

J.  W.  Mallet.— Idocrase  from  Duck  Town,  Tenn.,  85. 

J.  P.  Yandell. — Acrocrinus;  a  new  genus  of  Crinoids,135  (figure). 

Mineralogical,  Geological,  BibUographical,  and  Miscellaneous 
Notices. 
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Atheneeum  Journal,  for  March,  April,  May,  June.      From  C.  W, 
DUke,  Esq.,  F.G.S. 
Notices  of  Meetings. 

Bengal  Asiatic  Society,  Journal.     New  Series,  No.  70.  1854,  No.  7. 
W.  Theobald.— Geology  of  the  Punjab  Salt  Range,  651. 
H.  Piddington.— Analysis  of  Coal  from  Ava,  714. 

.    No.  71.  1855,  No.  1. 

Berlin.     Monatsbericht  der  K.  Preuss.  Akad.  d.  Wissenschaften  cu 
Berlin.    Auguslr-December,  1854. 

Beyrich. — Position  of  the  Hesse  Tertiaries,  640. 

Efa^nberg. — Microscopic  examination  of  the  soils  of  Ceylon, 

India,  and  Mauritius,  704. 
H.  Rose. — ^Water  of  crystallization  in  some  double  salts,  523. 
G.  Rose. — ^Meteorite  found  near  Linum,  525. 
Berwickshire  Naturalists'  Club,  Proceedings.    Vol.  iii.  No.  5. 

G.  Tate.— Geology  of  P^wbum,  194. 
British  Museum,  Catalogues  of  the  Collections  in  the. 
List  of  itte  Oste<uogical  Specimens.    1847. 
Catalogue  of  the  Specimens  of  Mammalia. 

Part  I.— Cetacea.     1850. 

Part  XL— Seals.    1850. 

Part  III.— Ungulata  Furdpeda.     1852. 
Catalogue  of  the  Genera  and  Sul^nera  of  Birds.    1855. 
Catalogue  of  Specimens  of  Amphibia. 

Part  II.— Batrachia  Gradientia,  &c.     1850. 
Catalogue  of  Fish  collected  and  described  by  Laurence  Theodore 

Gronow.     1854. 
List  of  the  Specimens  of  Fish. 

Part  I.— Chondropteiygii.    1851. 
Catalogue  of  Phaneropneumona,  or  Terrestrial  Operculated  Mol- 

lusca.    1852. 
Catalogue  of  Pulmonata,  or  Air-breathing  Mollusca. 

PartL     1855. 
Catalogue  of  the  Bivalve  Mollusca. 

Part  I. — Placentadae  and  Anomiadee.    1850. 
Catalogue  of  the  Conchifera,  or  Bivalve  Shells. 

Part  I. — Veneridae,  Cyprinids,  and  Glauconomidae.     1853. 
List  of  the  Mollusca  and  Shells  collected  and  described  by  IfM. 

Eydoux  and  Souleyet  in  the  *  Voyage  autour  du  Monde,' 

ex^cut^  pendant  les  ann^s  1836  et  1837  sur  la  Corvette 

"  La  Bonite,"  and  in  the  '  Histoire  NatureUe  des  MoUustpies 

Pt^podes,  nar  MM.  Rang  et  Souleyet.'    1855. 
Catalogue  of  the  Mollusca. 

Part  IV. — Brachiopoda  Ancylopoda,  or  Lamp  Shells.    1853. 
List  of  the  Shells  of  South  America  collected  and  described  by 

M.  Alcide  D'Orbigny  in  the   'Voyage   dans  TAm^que 

M^ridionale.'     1854. 
List  of  the  SheUs  of  the  Canaries  collected  and  described  by 

MM.  Webb  and  Berthelot.    Described  and  figured  by  Prof. 

Alcide  D'Orbigny  in  the  '  Histoire  Naturelle  des  Des  Cana^ 

ries.'    1854. 
List  of  the  Shells  of  Cuba  collected  by  M.  Ramon  De  La  Sagra. 

Described  by  Prof.  Alcide  D'Orbigny  in  the  'Histoire  de 

I'DedeCuba.'     1854. 
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British  Museum,  Catalogaes  (continued). 
Catalogue  of  Marine  Polyzoa. 

Part  I.— Cheilostomata.     1852. 

Part  II.— Cheilostomata.    1854. 
Catalogue  of  the  Becent  Echinida,  or  Sea  Eggs. 

Part  I.— Echinida  Irregularia.     1855. 
Catalogue  of  the  Species  of  Entozoa,  or  Intestinal  Worms.  1853. 
Catalogue  of  Lepidopterous  Insects. 

Part  I.— Papilionida.  (4^)    1852. 

Part  I. — Lepidoptera  Heterocenu    1854. 

Part  II. — Lepidoptera  Heterooera.    1854. 
Catalogue  of  Hymenopterous  Insects. 

Part  I. — AndrenioBB  and  Apidse.     1853. 

Part  II.— Anidas.     1854. 

Part  III.— Mutillidee  and  Pompilidse.     1855. 
Catalogue  of  the  Specimens  of  Neuropterous  Insects. 

Part  I.— Phiyganidae— Perlides.     1852. 

Part  II.— Siahdfls— Nemopterides.    1853. 

Part  III.— Termitidfe— Ephemeridie.    1853. 

Part  IV.— Odonata.     1853. 
List  of  the  Specimens  of  Hemipterous  Insects. 

PartL    1851.  Part  IL    1852. 

List  of  the  Specimens  of  Homopterous  Insects. 

PartL    1850.  Part  IIL     1851. 

PartIL    1851.  Part  IV.    1852. 

List  of  the  Coleopterous  Insects. 

Part  I.— CucujidsB,  &c.     1851. 
Nomenclature  of  the  Coleopterous  Insects. 

Part  VI.— Passalids.     1852. 
Catalogue  of  the  Coleopterous  Insects. 

Part  VII.— Longioomia,  pt.  1.     1853. 
list  of  the  Specimens  of  Dipterous  Insects. 

Part  V.    Supplement  I.    1854. 

Part  VI.    Supplement  II.     1854. 

Part  VII.    Supplement  III.     1855. 
List  of  the  specimens  of  British  Animals. 

Part  IIL— Birds.     1850. 

Part  IV.— Crustacea.    1850. 

Part  v.— Lepidoptera.     1850. 

Part  VI.— Hymenoptera  Aculeata.     1851 . 

Part  VII.— Mollusca  Acephala  and  Brachiopoda.     1851. 

Part  VIIL— Fish.    1851. 

Part  IX.— £^  of  British  Birds.     1852. 

Part  X. — Lepidoptera  (continued).     1852. 

Part  XL — ^Anoplura,  or  Parasitic  Insects.     1852. 

Part  XII.— Lepidoptera  (continued).    1852. 

Part  XIIL— Nomenclature  of  Hymenoptera.    1853. 

Part  XIV.— Nomenclature  of  Neuroptera.    1853. 

Part  XV.— Nomenclature  of  Diptera,  pt.  1 .    1853. 

Part  XVI.— Lepidoptera  (completed).    1854. 

Calcatta  Public  Library,  Report  for  1854. 

Canadian  Journal.    February  1855. 

W.  Hopkins. — Effects  of  pressure  on  the  temperature  of  fusion 

of  different  substances,  159. 
G.  P.  Airy.— Pendulum  experiments  in  Harton  pit,  166. 

2u2 
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Canadian  Journal  {eontitmed), 

Fairbairn. — Solidification  of  bodies  under  great  preanire,  172. 
S.  Macadam. — Geysers  of  Iceland,  173. 
Dr.  Whittv.— Anthracite  of  Cayan,  173. 


March  1855. 


Prof.  Ehrenbers. — Silurian  microscopic  shellsy  193. 
Earthquake  (8th  Feb.  1855)  in  New  Brunswick,  Nova  Scotia,  and 
Prince  Edward  IsUnd,  197. 


April  1855. 


R.  Lacnlan.    Sudden  fall  in  the  waters  of  the  Niacara  Riyer,  204. 
W.  Longmaid. — Peat  and  other  Tcgetable  chucou,  217. 
Canadian  Marble,  221. 
J.  A.  Phillips.~Sepsration  of  silver  from  lead,  221. 

Chemical  Society,  Quarterly  Journal,  No.  29.     Vol.  viii.  No.  1. 
April  1855. 


,  No.  30.     Vol.  viii.  pt.  2.     July  1855. 

R.  D.  Thomson. — Chemical  composition  of  the  waters  of  London, 
97. 

Civil  Engineers  and  Architects'  Journal.     No.  253.    Vol.  xviii. 
April.  1855. 

C.  Norton. — Report  on  coal-inines  of  York,  Derby,  Nottingham, 

Leicester,  and  Wan^ick,  113. 
Ancient  usage  of  coal  as  fiiel,  130. 


No.  254.    Vol.  xviii.    May  1855. 


W.  Lancaster   and    R.  Williams. — Report  on   coal-mines   in 

Scotland,  151. 
T.  Wynne. — ^Report  on  coal-mines  of  Staflbrdshire,  Worcester- 

uiire,  and  Shropshire,  151. 
Probable  existence  of  coal  in  the  steppes  of  Hungaiy,  177. 
Gold-fields  in  Peru,  177. 

Dublin  Geological  Society,  Journal,  vol.  vi.  pt.  2.     1854-55. 

Wyley,  A.    On  the  character  and  mode  of  occurrence  of  the 

dolomitic  rocks  of  Kilkenny  (mi»),  109. 
Haughton,  Prof. — On  the  iron  ores  of  Carnarvonshire,  128. 
Kelley,  J. — On  the  drift  of  the  district  about  Bathftimham  in 

the  county  of  Dublin  (map),  133. 
Galbraith,  J.  A.,  Prof.— On  the  difierent  analyses  of  Killinite,  165. 
Haughton,  S. — Notes  on  the  Laganure  mines  (map),  168. 
Jukes,  J.  B. — On  an  outUer  of  carboniferous  Ihnestone,  at 

Taghmon,  in  the  county  of  Wexford,  178. 
Willson,  W.    L.— Note  on  Mr.   Triphook's  paper  "On  the 

Geology  of  the  neighbourhood  of  Skull,"  182. 
Jacob,  A. — ^Account  of  a  reconnaissance  of  the  Nurbudda  valley 

in  Central  India,  183. 
Lloyd,  J.— Notice  of  a  seam  of  fossiliferous  limestone  in  the 

millstone  grit  of  the  county  of  Clare,  186. 
Whilty,  J.  I. — Notice  of  the  anthracite  found  in  the  Silurian 

rocks  in  the  county  of  Cavan,  187. 
Griffith,  R.— On  the  copper-beds  of  the  south  coast  of  the  county 

of  Cork,  195. 
Haughton,  Prof. — Notes  on  the  mining  district  of  Kenmare,  206. 
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Dublin  Geological  Society,  Journal  (continued). 

Cotton,  C.  P. — On  the  limegtone  troughs  of  Ardmore  and  Lis- 

more,  coun^  of  Waterford,  215. 
Welland,    J.  W. — Note    on    ^e    carboniferous   limestone   of 

Midleton,  county  of  Cork,  217. 
Triphook,  T.  D. — On  the  occurrence  of  sulphate  of  barytes  in 

the  south-west  of  the  county  of  Cork,  218. 
Galbraith,  J.  A. — On  the  composition  of  the  feldspar  of  the 

Dublin  and  Wicklow  granite,  *J26, 
Haughton,  Prof. — On  the  evidence  afforded  by  fossil  plants  as  to 

the  boundary-line  between  the  Devonian  and  Carboniferous 

rocks,  227. 
Griffith,  R.— Remarks  on  Prof.  Haughton's  paper,  240. 
J.  B.  Jukes. — Address  delivered  at  the  Anmversary  Meeting, 

February  14, 1866,  252. 

France.     Soci^t^  Geologique,  Bulletin,   2  S^rie.     Tome  xi.  feuill. 
46-50. 

Reunion  extraordinaire  k  Valence,  715. 

.     .    Tome  xii.  1855,  feuill.  1-3. 

A.  de  la  Ikfarmora. — Sur  la  carte  g^logique  de  la  Sardaigne,  11. 
Ch.  Lory. — Note  sur  le  terrain  nummiuitique  du  d^partement 

des  Hautes-Alpes,  17. 
GaiUardot. — Observations  recueillies  dans  lea  Monts  Libans,  32. 
D'Omalius  d'Halloy. — Sur  la  th^rie  des  Ejaculations,  36. 
A.  BouE. — Extrait  de  sa  brochure:   Le  but  et  Futility  de  la 

g^logie,  1851,  46. 
Comuel. — Sur  la  d^couverte  de  plusieurs  coquilles  d'eau  douce 

dans  le  terrain  n^ocomien  de  la  Champagne,  47. 

.     .     Feuill.  4-7. 

Lockhart. — Surune  moitiE  de  m&choire  fossile  de  Mastodonte, 

49. 
Meugy. — Sur  les  caract^res  du  terrain  de  cnde  dans  les  d^parte- 

ments  du  Nord,  de  TAisne  et  des  Ardennes  (pi.  1),  54. 
Bouijot. — Note  sur  le  terrain  de  transition  des  Pyren^,  et  plus 

particuli^rement  de  la  valine  d'Ossau,  68. 
Triger. — Sur  i'oolite  inferieure  d'Angleterre  et  celle  du  ddparte- 

ment  de  la  Sarthe,  73. 
£.  H^rt. — Note  sur  le  terrain  jurassique  du  bord  occidental 

du  bassin  parisien,  79. 
K.  Schlumberger. — Sur  les  cailloux  impressionn^s,  87. 
£.  Renevier. — ParalldUsme  des  terrains  cr^tacEs  inf^rieurs  de 

rarrondissement  de  Vassy  (Hante-Mame)  avec  ceux  de  la 

Suisse  occidentale,  89. 
Etude  stratiffraphique  du  terrain  nummulitique  des 

Alpes  vaudoises  et  vtuaisannes,  97. 
Vicomte  d'Archiac  et  Jules  Haime. — Sommaire  de  la  deuxi^me 

livraison  de  la  Description  des  animaux  fossiles  du  groupe 

nummulitique  de  Plnde,  104. 
A.  Boui, — Extrait  d'une  lettre  sur  TanciennetE  des  Eruptions 

volcaniques,  109. 
RigoUot  et  divers. — Observations  sur  des  instruments  en  silex 

trouvEs  k  Saint- Acheul,  pr^s  d' Amiens,  1 12. 

.     .     FeuiU.  8-11. 

Abich. — Notes  gEologiques  sur  diverses  parties  de  la  Russie,  115. 
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France.     Soci^t^  G^logique,  Bulletin  (continued), 

K.  Schlumberger. — Sur  deux  vari^t^  d' Ammonites  (pi.  2  et  3), 

118. 
H.  Ckiquand. — Description  g^logique  du  terrain  permien  du 

d^partement  de  P  Aveyron  et  Se  celui  des  environs  de  Lod^To 

(Eferault)  (pi.  4),  128. 
Th.  Ebray.—Note  sur  les  bancs  pouxris  des  cazri^res,  152. 
J.  Barrande. — Sur  Asooceras^  protot]rpe  des  NautiMes  (pi.  5), 

167. 

Franklin  Institute  of  the  State  of  Pennsylvania^  Journal.  3rd  Series. 
Vol.  nix.  No.  2.    Feb.  1856. 

.    No.  3.    March  1855. 

Wilson.— The  iron  of  the  United  States,  201. 

Pendulum  test  of  the  earth's  mass,  207. 

Notice  of  Waile's  Report  on  the  geology  of  Mississippi,  216. 

.    No.  4.    April  1855. 

No.  5.     May  1855. 


F.  C.  Calvert.— Products  fipom  coal,  332. 

Horticultural  Society  of  London.     Vol.  ix.  pt.  4.     1855. 

Institute  of  Actuaries,  Assurance  Magazine  and  Journal  of  the. 
No.  19.  vol.  V.  pt.  3.     April  1855. 

.    No.  20.  vol.  V.  pt.'  4.     July  1855. 

Journal  of  the  Indian  Archipelago  and  Eastern  Asia.     Nos.   7-9 
(m  one).     July-Sept.  1854. 

.     Vol.  viii.     Nos.  10-12  (in  one). 

G.  F.  de  B.  Kops. — Rhiolingga  Archipelago  (map),  386. 

Literary  Gazette  for  April,  May,  June.    From  L.  Reeve,  Esq,,  F.G,S. 
Notices  of  Meetings. 

Liverpool  Literary  and  Philosophical  Sodety,  Proceedings.     No.  1 . 
1846. 

Hale. — Geology  of  part  of  Alabama,  U.S.,  74. 

Hume. — Submarine  forest  at  Leasowe,  97. 

Cunningham. — Section  of  the  coal  basin  of  the  Dee  (pL),  108. 

.     No.  2.     1846. 

Hume  and  Cunningham. — Geoloey  of  Stourton,  62. 
Hume. — Antiquities  from  the  submarine  forest  at  Hoylake  (pL), 
63,73. 

.     No.  3.     1847. 

Cunningham. — Geological  conformation  of  the  neighbourhood  of 
Liverpool,  as  respects  the  supply  of  water,  68. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.     4th  Ser. 
No.  59.     April  1855.     From  R.  Taylor,  Esq,,  F,G,S. 
M.  F.  Heddle  and  R.  P.  Grey.— British  PectoUtes,  248. 
S.  Haughton. — Mica  of  the  granites  of  DubUn,  Wicklow,  and 

Carlow,  272. 
G.  B.  Airy. — Pendulum  experiments  for  ascertaining  the  mean 

density  of  the  earth,  3()9. 
Daubree. —Artificial  production  of  minerals,  315. 
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London^  Edinbnrgh,  and  Dablin  Phil.  Mag.  (continued!). 

.     No.  60.     Majr  1855. 

T.  S.  Hunt.— Examinations  of  felspathic  rocks,  354. 

On  the  mineral  Wilsonite,  382. 

G.  B.  Airy. — Attraction  of  mountain-masses,  394. 
MM.  Schlagintweit. — Temperatures  and  density  of  sea-waters, 
396. 

No.  61.     June  1855. 


J.  Wilson. — ^Alum  manufacture,  413. 

M.  F.  Heddle.— Tablesoar  from  the  Mome  Mountain,  452. 

L.  Homer. — Geology  or  Egypt,  465. 

New  York,  Annals  of  the  Lyceum  of.  Vol.  v.  No.  2.    April  1851. 

Oxford.   Ashmolean  Society,  Proceedings,  vol.  i.  (Nos.  1-19)  ;  for 
1832-1842.     1844. 

J.  Brown. — Geolosy  of  Essex  coast,  xviii.  13. 
Buckland  and  Daubeny. — Caverns  near  Cork,  ix.  7- 
Buckland. — Fossil  footsteps,  xL  9. 
■        SiTatherium,  xi.  21. 

Fossil  bones  from  the  Siwalic  Hills,  xiv.  1. 

Fossil  rain-prints  and  ripples,  xyi.  5. 

Landslip  near  Exmouth,  xyii.  3. 

Glacial  theory,  xvii.  22;  xviii.  17. 

.A^ncy  of  animalcules  in  forming  limestone,  xvii.  35. 

Missouri  Leviathan,  xviii.  3. 

Dr^ng  up  of  the  Compensation  Pond,  xix.  5. 

C.  Daubeny.— Vesuvius  and  volcanic  agency,  vii.  9. 

Rocks  at  Adersbach,  Silesia,  xiii.  10. 

Geology  of  United  States  and  Canada,  xv.  9. 

Notice  of  Bout's  Geology  of  Turkey,  xvii.  27. 

Ruskin  and  Buckland. — Landslip  near  Castle-a-mare,  xvii.  46. 
H.  E.  Strickluid. — Bone-bed  near  Tewkesbury,  xviii.  15. 

.     Vol.  ii.  (Nos.  20-29)  ;  for  1843-52.     1854. 

Buckland. — Bones  in  fissures  in  the  Isle  of  Portland,  54,  60. 

Ichthyopatolites,  21. 

Dinomis  bones,  18. 

Dicynodon,  81. 

Daubeny. — Fluonc  add  from  recent  and  fossil  bones,  39,  58. 

Fossil  phosphate  of  lime,  187,  196. 

- —        Fossil  fish,  204. 

Fossil  vine,  mpes,  and  leaves,  302. 

Dolomites,  316. 

Scandinavia,  330. 

Fallati.— Mineral  springs  of  the  Black  Forest,  1 15. 
S.  Maskelyne. — Zinc,  iron,  and  copper  ores,  299. 

Dolomites,  316. 

A.  B.  Orlebar. — New  species  of  Pygaster  frt)m  Bullington  Quar- 
ries, 242. 

Geology  of  the  neighbourhood  of  Oxford,  253. 

H.  E.  Strickhmd.— Aerolites,  12o. 

Geology  of  the  Oxford  and  Ruffby  railway,  192. 

Footprmts  of  extinct  animals,  321. 

Prof.  Twiss. — Glaciers,  6. 

Analysis  of  recent  and  fossil  bones,  74. 

T.  Way. — Fossil  phosphate  of  lime,  185. 
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Oxford.    Ashmoleau  Society,  Proceedings  (eoniinued). 
.    No.  31.     1853. 

J.  C.  Clutterbuck. — Intermittent  springs  of  the  chalk  dirtricts,  5. 

H.  £.  Strickland. — Pleistocene  deposits  near  Oxford,  9. 

C.  Daubeny.^Layas  of  Mount  £tna,  20. 


No.  32.     1854. 


M.  H.  Maskelyne. — Chemical  history  of  silica,  41. 

Pakeontograpbical  Society,  Monographs.    1855. 

T.DavidKm. — British  cretaceousBrachiopoda(with  Appendix,&r..). 
R.  Owen.— Reptilia  of  the  Wealden,  pt.  2. 
J.  Morris  and  J.  Lycett. — Mollusca  of  the  great  Oolite,  pt.  3. 
M.-Edwards  and  J.  Haime. — British  Silurian  corals. 

C.  Darwin. — British  fossil  BaJanids  and  Vemicidae. 

D.  Sharpe.~Mollusca  of  the  chalk  of  England,  pt.  2. 
F.  Edwards.— British  Eocene  Mollusca,  pt.  3.  No.  1. 

Paris.  L'Acad&nie  des  Sciences,  Comptes  rendus.  (Index  to  toI. 
xxxviii.)     Tomexl.     1855.     Prem.  Sem.     Nos.  4-17 

Ch.  Ste  Claire  Deyille.— Etudes  de  litholoeie,  177. 

A.  Langel. — Du  clivage  des  roches,  182,  9/8. 

Le  tremblement  de  terre  de  la  nuit  du  28  au  29  D^.  dernier,  194. 

Recherchea  sur  les  Crinoides  par  MM.  De  Koninck  et  Lehou. 

O.  B.  Greenough. — Sur  la  g^logie  de  I'lnde,  347. 

A  de  Sismonda. — Sur  la  geologic  de  certaines  parties  de  la 
Toscane,  352. 

Boutigny.—  Sur  I'origine  de  la  houille,  476. 

Isidore  Geofiroy  St.  Uilaire. — ^Deux  oeufs  d'Epyorms,  518. 

Constant  Prevost,  E.  H^rt,  Lartel,  Valenciennes,  £.  de 
Beaumont,  Dumeril,  et  De  Roys. — Sur  un  tibia  d'un  oisean 
gigantesque  {Oastomis  parisiensig),  trouv^  k  la  base  de 
Pamle  plastique  k  Meudon,  554,  579,  582,  616,  619,  649, 

L.  Agassiz. — Sur  les  rapports  entre  la  faune  actueUe  et  les  fiuines 
pr^dentes  des  dpoques  g^loeiques,  634. 

E.  deVemeuil,  E.  CoUomb,  et  De  Lori^re. — Le  Tableau  orogra- 

phique  d'une  partie  de  TEspagne,  726,  814. 
E.  de  Vemeuil  et  Constant  Prevost. — Sur  un  M^oire  de  M.  J 

Marcou  relatif  k  la  classification  des  chaines  d'une  partie  de 

rAm^rigue  du  Nord,  734,  741,  756,  763. 
Brongniart,  Edwards,  Boussinganlt. — La  g^graphie  physique  et 

k  geologic  du  Chili  (M.  CI.  Gay),  743. 
Pissis. — Sur  la  structure  orographique  des  Andes  du  Chili,  764. 
Ch.  Deville. — Sur  le  density  de  qnelques  substances  (quartz, 

coryndon,  m^taux,  &c.)  apr^s  fusion   et  reiroidissement 

rapide,  769. 
Constant  FVerost.— Sur  le  mot  "  soul^ement/'  812. 

A.  Pomel. — Sur  le  pays  des  Beni-bou-Sai'd  pres  les  fronti^res  du 

Maroc,  882. 

B.  de  Lorn. — Gisement  de  gemmes  et  de  fossiles  d^uvert  r^em- 

ment  dans  deux  communes  de  la  Haute  Loire,  885. 
A.  Damour. — Sur  la  composition  de  I'Euklase,  942. 
Malaguti  et  Durocher. — Sur  le  granite  de  Bomarsund,  968. 
E.  Deslongchamps. — Sur  les  traces  d'animaux  k  la  surface  d'une 

roche  de  gres,  pr^s  Argentau,  972. 
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Paris.     L' Academic  des  Sciences,  Comptes  rehdus  (continued). ' 

H.  de  Villeneuve. — Du  drainage  en  France  dans  ses  rapports 

avec  la  e^ologie  et  la  m^t^rologie,  975. 
£.  Gueymard. — Sur  les  sites  de  nickd  dans  le  departement  de 
risire,  984. 

Paris.     L'Ecole  des  Mines.  Annales  des  Mines.  Cinq.  S^r.  Tomeiv. 
liv.  4. 

Gras,  S. — Note  sur  le  but  et  les  moyens  d*ex^cution  des  cartes 

agronomiques,  1. 
Damour. — Note  sur  la  composition  de  Tandalousite,  53. 
Guemgross.-7-£asai  sur  Textraction  du  cuivre  dans  les  mattes 

plombeuses  de  la  fonderie  d'argent  de  Zm^inogorsk  (Altai),59. 
Debette,  Ph. — Notice  sur  les  mines  de  la  Bigorre,  Hautes-Pyr^- 

n^  (plate),  91. 
S^narmont,  de.  —  Extraits  de  min^ralogie  (travaux  de  1852) 

(plate),  129. 

.    .    Liv.  4. 

Ebelmen. — Recherches  sur  de  nouTclles  methodes  de  cristalliza- 

tion  par  la  voie  s^be,  et  sur  leur  application  k  la  reproduction 

des  esp^ces  min^rales,  173. 
Recbercbes  sur  les  alt^tions  des  rocbes  stratifi^ 

sous  rinfluence  des  agents  atmospb^ques  et  des  eaux  d'in- 

filtration,  188. 
Meissonnier. — Note  sur  un  moyen  de  lever  sans  boussole  la 

direction  de  coucbes  des  terrains  (plate),  193. 

.     .     liv.  6. 

Damour,  A. — Note  sur  I'argent  iod^  du  Cbili,  329.    • 

Parran. — Notice  sur  un  gisement  d'aspbalte  aux  environs  d'Alais 

(plate),  334. 
Delesse. — Examen  de  quelques  min^ux,  351. 
Crouzet  et  de  Freycinet. — Etude  g^ologique  sur  le  bassin  de 

I'Adour  (plate),  361. 

Note  sur  les  mines  aurif^res  de  Saint^Liaurent 

situ^  dans  le  Bas-Canada  (district  de  Qu^c),  483. 

Sur  la  &brication  du  cuivre  blanc  en  Cbine,  510. 

Suf  la  situation  des  mines  d'areent  et  de  cuivre 

*du  Chib,  et  le  mouvement  d'exi)ortation  deleurs  produits  en 

1840  et  1852,  518. 

Sur  les  mines  enregistr^  et  dassees  dans  la 

province  de  Cardoue  (Nouvelle-Grenade)  du  5  Janvier  1852 
au30Juilletl853,521. 

Sur  la  d^ouverte  d'un  gisement  de  bouille  dans 

les  Philippines,  525. 

.    .     Tome  V.  Liv.  1 . 

Damour.— Nouvelles  analyses  de  lliureaulithe,  1. 

Huyot,   £. — Notice  sur  la  mine  et  I'usine  d'Idria,  Camiole 

(pbite),  7. 
Gueymard,  £.  —  Recbercbes  analytiques   du  platine  dans  les 
Alpes,  165. 

.     .     Liv.  2. 

Ducbanoy. — M^moire  sur  les  ^aements  des  minerais  de  cuivre  et 
leur  traitement  metallurgique  dans  le  centre  de  la  Norw^ge 
(plate),  181. 
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Paris.     L'Eoole  des  Mines.    Annales  des  Mines  (continued). 

'  .     Tome  V.  Liv.  3. 

Gras,  Sdpio. — M^oire  surle  terrain  anthraxifbe  des  Alpes  dela 
France  et  de  la  SaToie  (map),  473. 

Snr  rindustrie  nun^rale  du  pays  d'Annam  (plate), 

603. 

Snr  I'importation  et  Vexportation  du  fer  en  Angle- 

terre  pendant  I'ann^  1852,  621. 

Ptiotographic  Society,  Journal.     Nos.  28-30.     1855. 

Royal  Agricultural  Society  of  England,  JounuiJ.     Vol.  xi.  part  1. 
.       1850. 

H.  S.  Thompson. — ^Absorbent  power  of  soils,  68. 

J.Bravendar. — Farmingof  61ouoe8tershire(mapandsection8),  1 16. 

J.  T.  Way. — Power  of  soils  to  absorb  manure,  313. 

Rojal  Geographical  Society,  Journal.  General  Index  to  the  first  Ten 
Volumes.     1844. 


Vol,  xrii.  part  2.     1847. 
Vol.  xxiv.     1854. 


Royal  Institution  of  Great  Britain,  List  of  Members,  &c.,  with  Re- 
port of  the  Visitors,  for  the  year  1854.     1855. 

Royal  Society,  List  of  Fellows,  1854. 

.    Transactions.    Vol.  144.  parts  1  &  2.    1854. 

.     Proceedings.     Vol.  vii.    No.  11. 


No.  12. 


H.  Moseley.— On  the  Descent  of  Glaciers,  333. 

Society  of  Arts,  Journal.     Nos.  102-133. 

Statistical  Society  of  London,  List  of  Fellows.     1855-^6. 

.    Objects  and  Regulations  of  the.     1855. 

.     Journal.     Vol.  xviii.  part  2.     June  1855. 

Turin.     Reale  Accademia  delle-  Scienze  di  Torino,  Memorie.     Serie 
Seconda.    Tomo  xiv.     1854. 

Yorkshire  Philosophical  Society,  Annual  Report  for  1854. 

Vol.  i.     1855. 
dossil  Zamia  (figures),  37. 
W.  C.  Williamson. — Fossil  Zamia  (figures),  45. 
£.  Charlesworth.— Zoophytes  of  the  Flamborough  chalk  (plate),  73. 
J.  Phillips. — Ancient  metellurey  and  mining  in  Britain,  77. 
P.  C.  Sorby.— Sandstones  of  the  oolites  ofYorkshire,  111. 

Zeitung  fur  Bibliotheken  und  Biicherfreunde.     No.  1.     1855. 
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11.   GEOLOGICAL  CONTENTS  OF  PERIODICALS 
PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.  2nd  Ser.  vol.  xv.  No.  88. 
April  1855. 

T.  Wright.— Fossil  Echinodenns,  &c.,  of  Malta  (plate)>  262. 
J.  S.  Heaslow.— Fossil  oyster-shell,  314. 

.     No.  89.     May  1855. 

No.  90,    June  1855. 


J.  Lycett.    Pema  quadrata  of  Soverby  (figure),  427. 

Dunker  und  Yon  Meyer's  Palseoctographica.    Yol.  v.  No.  1.  1855. 

F.  A.  Roemer. — Beitrase  zur  geologischen  Kenntniss  des  Nord- 

westlichen  Harzgeoiiges  (drd  part).    With  8  plates  and  a 
coloured  geological  map. 

Edinburgh  New  Philosopliical  Journal.      New  Series.      No.   2. 
April  1855. 

C.  Madaren. — ^Ancient  morains  in  Argyleshire,  189. 

G.  Buist. — The  principal  depressions  on  the  surface  of  the 

globe,  253. 
W.  S.  Symonds. — Geological  range  of  the  Pterygotus  problema- 

ticus,  269. 

Shoals  of  dead  fish  at  sea,  271. 

R.  Harkness. — ^Fossil  Annelid-tracks  in  the  county  of  Clare 

(plate),  278. 
G.  Wilson.— Notice  of  Prof.  E.  Forbes,  30?. 
F.  Roemer's  Die  Kreidebildung  Westphalens,  336. 
D'Archiac's  Coupe  G^logique  des  Environs  des  Bains  de  Rennes, 

336. 
Proceedmgs  of  Naturaliste'  Clubs,  345. 

D.  Page's  Introductory  Text-book  of  Geology,  348. 
P.  C.  Sutherland.— Natal  Geology,  350. 

T.  Oldham.— Himalayan  GeoUn^,  351. 

E.  Blackwell.— Movement  of  ^uiciers  in  winter,  356. 

M.  F.  Heddle.— Oxalates  (of  uron  and  of  lime)  in  the  mineral 

kin^om,  365. 
A.  Geikie. — Liaasic  fossils  firom  Pabba  and  Skye,  366. 
A.  Bryson. — ^Worm-tracks  in  Silurian  slates,  368. 

Diatomaceae  in  the  Silurian  slates  of  Scotbmd,  368. 

M.  F.  Heddle.— Analysis  of  Datholite  from  Glen  Farg,  369. 
Hugh  Miller. — Destruction  of  some  littoral  molluscs  by  frost,  369. 
Petzholdt. — Cause  of  the  grey  colour  in  Dolomite  and  other 

Neptunian  rocks,  377. 
S.  von  Walterhausen. — Mineralogy  of  the  Dolomite  of  the  Alps, 

386. 
Remarkable  Brazilian  diamond,  387. 

L.  Homer. — Relative  levels  of  Red  Sea  and  Mediterranean,  388. 
Royle.— Uprise  in  the  South  Sea  Islands,  388. 

Karsten  und  von  Dechen's  Archiv  fiir  Min.  Geog.     Band  xwi. 
Zweites  Heft.     1855. 

Index  for  vols.  xxi.  to  xxvi.,  3. 
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Karaten  nnd  von  Dechen's  Archiv  (continued). 

Systematic  Index  of  subjects  in  all  the  46  volumes  of  both 

ofthe  "Archives,"  108. 
Sketch  of  C.  J.  B.  Kanten's  Life  and  Woilts,  with  Appendices,  197 

(with  Portrait). 

Leonhard  and  Bronn's  Neues  Jahrbuch  fur  Min.,  Geog.,  Greol.  und 
Petrcf.     1854.     7  Heft. 

O.  H.  O.  Volger.^Die  Halblichkeit  des  Warflings  und  des 

Knochlings  beim  Boracit^  769. 
A  Breithaupt.  —  Ueber  den  Schneckenstein  von  Sadisiachea 

Voigtlande,  787. 
Letters :  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 

.     1855.  1  Heft. 

R.  A  Philippi. — Ueber  das  Yurkommen  des  Meteoreisens  in  der 

Wuste  Atacama,  1 . 
N.  von  Kokscharow. — Ueber  den  Klinochlore  von  Achmatowsk 

(pbte),  9. 
B.  Ccite.— Geologische  Mittheilungen  aua  der  Bukowina,  25. 
K.  Martens. — Kafic-tuff-Bildunff  und  Einfluss  der  Gyps-Quellen 

im  Thale  zwischen  Elm  und  Asse,  33. 
Letters :  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 


III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Ndmes  ofDonori  in  Italics. 

Ansted^  D.  T,    An  Elementary  Course  of  Geology,  Mineralogy,  and 
Physical  Geography. 

.     Scenery,  Science,  and  Art;  being  Extracts  from  the 

Note-Book  of  a  Geologist  and  Mining  Engineer. 

Barrande,  J.    Ascoceras,  prototype  des  Nautilides. 

Bright,  R.     Lecture  on  Namaqualand  and  its  Mines.     From  H. 
Hewitt,  Esq.^  Jun. 

Chapman^  E.  /.    On  the  Object  of  the  Salt  Condition  of  the  Sea. 

Darwin^  C.    A  Monograph  on  the  Fossil  Balanidse  and  Verrucidfle  of 
Great  Britain. 

Davidson,  T.     A  Monograph  of  British  Cretaceous  Brachiopoda. 
Part  2.  &c. 

Delesse,  A,    Sur  la  Pegmatite  de  Tlrlande. 

— ^ .     Sur  Taction  des  AlcaHs  sur  les  roches. 

BesUmgchampst  E.     Notice  sur  des  Empreintes  ou  Traces  d' Animaux 
existant  k  la  surface  d'une  roche  de  gr^s,  pr^  Argentau. 

Erdmann,  Prof.  Exel.    Vagledning  till  Bergartemas  Kannedom. 
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Forreater,  J,  J.    Relation  des  Objets  expidiis  k  rExposiiion  Uni- 
Terselle  de  Paris. 


-^— .     Relation  des  Objets  exp^di^  k  FEzposition  Universelle 

de  Paris  par  les  Fils  de  J.  J.  Forrester. 

Ganges  Canal,  short  account  of.    From  Col.  Sir  P.  T.  Cauiley,  F.  G.S. 

Goebely  A.    Der  beilsame  Meerescblamm  an  den  Kusten  der  Insel 
Oesel. 

Goeppert,  H.  R.    Die  Tertiare  Flora  von  Scblossnitz  in  Scblesien. 
From  His  Pntssian  Majesty's  Minister  in  Berlin, 

Griffith,  W.     Posthumous  Papers,  bequeathed  to  the  Hon.  East 
India  Company,  by  the  late  William  Griffith,  F.L.S.,  arranged 
by  J.  M'Clelland,  F.L.S. 
Palms  of  British  East  India. 
Itinerary  Notes  of  Plants  collected  in  the  Kasyah  and  Bootan 

Mountains,  in  Affgbanistan. 
Journals  of  Travel  in  Assam,  Burmah,  Bootan,  Afghanistan,  and 

neighbouring  countries. 
Notulae  ad  Plantas  Asiaticas,  Partes  1,  2,  3,  4. 
From  the  Directors  of  the  Hon.  East  Ividia  Company, 

Harkness,    R,    On  Annelids'  Tracks  in  the  Equiyalents  of  the 
Millstone  Grits  in  the  south-west  of  the  County  of  Ckre. 

Hubert,  E.    Note  sur  le  Terrain  Jurassique  du  Bord  Occidental  du 
Bassin  Parisien. 

.    Note  sur  le  Tibia  du  Gastornis  parisiensis. 

Sur  une  nouvelle  extension,  dans  le  Bassin  de  Paris,  des 


Mames  lacustres  et  des  Sables  de  Billy. 

Magnetical  and  Meteorological  Observations  made  at  the  Hon.  East 
India  Company's  Observatonr  at  Bombay  in  1851.  From  the 
Directors  of  the  Hon,  East  India  Company, 

Mantell,  G.  A.  The  Medals  of  Creation,  2nd  edit.,  2  vols. 
Edited  by  T.  Rupert  Jones.     From  E.  N.  Mantell,  Esq. 

Marcou,  J,     Sur  le  Gisement  de  I'Or  en  Califomie. 

Moore,  Charles,  On  new  Brachiopoda  from  the  Inferior  OoUte  of 
Dundry,  &c. 

Perrey,  A.  Circulaire  relative  k  TObservation  des  Tremblements  de 
Terre,  adress^  k  tons  les  Voyageurs. 

.     Documents  relatifs  aux  Tremblements  de  Terre  au  Chili, 

.     Note  sur  les  Tremblements  de  Terre  en  1853. 

Pictet,  F.  J.  Traits  de  Pal^ntologie,  ou  Histoire  Naturelle  des 
Animaux  Fossiles.     2nd  edit.  vol.  3rd,  with  Atlas  of  Plates. 
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Sehmidi,  C,    Die  Salzquellen  zu  Stnraja-Russa. 

Sturz,  J.  D.     A  Estrada  de  Ferro  do  Semmering  nos  Alpes  Norioos 
da  Austria. 

Becapitula9ao  das  Informa^oes  relativas  a  assomptas  de 


Topographia,  de  Geodesia  e  de  Medi9oes  Trisioiiometricas  e 
geralmente  de  Medifoes  de  Terras  durante  os  Annos  1852  at^ 
54  remettidas. 

Theodori,  C.  Beschreibung  des  Ichthyosaurus  trigonodon  in  der 
Lokal-Petrefakten-Sammlung  zu  Banz.  With  Atlas  of  Plates. 
From  Sir  R.  I.  Murehisan,  F.P.G.S. 

Vemeuil,  £.  de.  Rapport  sur  un  Memoire  de  M.  Jules  Marcou, 
relatif  k  la  Classification  des  Chaines  des  Montagnes  d'une 
partie  de  TAm^rique  du  Nord. 

,    E.  CoUomb,  et  De  Loriire.    Notes  pour  aooompagner  le 

Tableau  Orographique  d'une  partie  de  I'Espagne. 

Wright,  T.  On  the  Cassidulidse  of  the  Oolites. 

.  On  the  Cidaridie  of  the  Oolites. 

.  On  Fossil  Echinoderms^  &c.»  from  the  Island  of  Malta. 

.  Contributions  to  the  Palseontology  of  the  Isle  of  Wight. 

.  Contributions  to  the  Palseontolc^  of  Olouoestershire. 
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Alphabetically  arranged — the  names  of  the  Authors  in  capital  letters. 


Acephala  and  Qasteropoda  of  the  Sandling  Marble,  Hornxb  on  the. . .  23 

Alps,  EscHXR  on  the  Geology  ofpart  of  the  Swiss    16 

Asymmetrical  Ammonites  from  Hierlatz,  Ha  uxr  on  some   39 

Austria,  Pbtbrs  on  the  Tertiary  Chelonia  of 37 

Banat,  Kudbrnatbch  on  the  Geology  of  a  part  of 46 

Banz,  Thxodori's  description  of  Ichthyosauri  from,  noticed 41 

Bayreuth,  Braun  on  the  liassic  Flora  of 40 

Belgrade,  Hornxb  on  Tertiary  Fossils  from  24 

Bohemia,  Lidl  on  Coal-deposita  in 44 

,  VooL  ontiie  Geistergang  in  Northern  37 

,  Warnbdorff  on  the  Geology  of  Carlsbad  in 43 

Brachiopoda  of  the  Kdssen  beds,  Subbb  on  the 26 

Braun.  On  tiie  Liassic  Flora  cmT  Bayreuth 40 

Carinthta,  Lipold  on  the  Lead-bearing  Rocks  of  Lower 44 

,  PxTXRB  on  the  Geology  of  Lower 38 

Carlsbad,  Warnbdorff  on  the  Geology  of  43 

Catullo.  On  the  Fossil  Crustacea  fk»m  near  Verona 42 

Cephalopoda  of  the  Hallstatt  beds,  Hauxr  on  the   22 

Chelonia,  Pxtbrs  on  the  Austrian  Tertiary    37 

Childrenite,  Rammblbbbro  on  8 

Clinochlore  and  Mica,  KoKBCHAROT  on    24 

Coal-deposits  at  Marklin,  in  Bohemia,  Lidl  on 44 

Cretaceous  Bocks  near  Nice,  Pbrbz  on  the  3 

Crustacea,  Fossil,  from  near  Verona,  Catullo  on  some 42 

Dblanoub.    On  the  Metamorphism  of  Rocks 7 
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TRANSLATIONS  AND  NOTICES 


GEOLOGICAL  MEMOIRS. 


On  the  NuMMULiTic,  Cretaceous,  and  Jurassic  Terrains  of 
the  Maritime  Alps,  near  Nice.    By  Prof.  A.  Perez. 

[Sni  limiti  Geognostid  del  Terreno  Cretaceo  delle  Alpi  marittime,  per  A.  Perez. 
Bstratto  degli  Atti  deir  otava  Riuiiione  degli  Sdenzati  Italian!  in  Genova; 
Sezione  di  Geologia;  Seduta  delli  23  Settembre  1846.  8to.  Nizza,  1853,  pp.  15.] 

In  the  writings  of  Sismonda  *  and  Pareto  f  the  Cretaceous  terrain 
of  the  Maritime  Alps  is  represented  as  consisting — ^its  upper  part, 
of  the  Alpine  nummulitic  terrain, — ^and  its  lower,  of  the  yeilow  com- 
pact limestone  of  the  neighbourhood  of  Nice  and  the  deposits  inter- 
mediate to  this  and  the  nummulitic  rocks.  To  elucidate  this  subject, 
I  think  it  necessary  to  commence  hy  tracing  the  arrangement  and 
succession  of  these  strata,  referring  hoth  to  the  labours  of  the  above- 
named  geologists,  and  to  the  additional  observations  made  by  myself. 

Nummulitic  rocks. — The  series  of  nummulitic  rocks,  so  prevalent 
in  the  Maritime  Alps,  is  considerably  developed  at  Mortola,  where  it 
was  observed  long  ago  by  De  la  Beche^,  and  since  described  with 
much  exactness  by  Pareto  in  his  '  Description  of  Genoa.'  Having 
visited  this  locality  for  the  purpose  of  comparing  it  with  those  of 
Pallarea,  Fontana  Giarrid,  Contes,  Braus,  Yillimova  (Provence), 
Berra,  Poggetto,  and  Roccasterone,  I  could  not  find  any  other 
difference  between  the  nummulitic  terrain  of  Mortola  and  that  of  the 
above-cited  places,  than  what  would  arise  from  the  greater  or  less 
development  of  the  series,  or  from  the  absence  of  one  or  more  of  its 
members.  The  order,  the  fossils,  the  relations,  and  the  characters 
are  identical. 

Not  wishing  to  repeat  what  can  be  read  in  the  '  Description  of 
Genoa,'  I  shim  not  describe  the  upper  part  of  this  terrain,  out  will 
confine  my  observations  to  its  lower  portion,  which,  lying  upon  the 

*  OsBervazioni  Geologiche  sulle  Alpi  marittime  e  sugli  Apennini  Ugari.  1841. 
See  also  Classificazione  dei  Terreni  stratificati  ddle  Alpi  tra  il  Monte  Bianco  e  la 
Contea  di  Nizza ;  Mem.  R.  Accad.  Sc.  Torino,  ser.  2.  vol.  ziiL  1851.— Transl. 

t  Liguria  marittima.  Descrizioue  di  Genova,  art.  Geologia ;  in  the  ^*  Goide  " 
presented  to  the  Members  of  the  Italian  Sdentific  Assodation  at  the  meeting  in 
Genoa  in  1846. 

X  Trans.  Geol.  Soc.  London,  2nd  ser.  vol.  iiL  pt.  1.— Tkanbl. 
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evidently  Cretaceous  terrain,  may  show  us  whether  it  ought  to  be 
united  to  it  or  not. 

On  the  Belenda  Hill,  above  Mortola,  and  in  its  neighbourhood  it  is 
difficult  to  follow  the  stratification  on  account  of  the  irregularities  oi 
the  surface,  the  contortions  of  the  strata,  and  their  various  foldings. 
On  the  top  of  this  hill,  however,  to  the  N.E.,  we  can  distinguish — 1 . 
The  cretaceous  marly  limestone  with  Inocerami  and  Hamiies ;  2. 
Overlying  nummulitic  strata-  Conformably  on  the  latter  lie,  1st, 
strata  full  of  fossils,  identical  with  those  of  the  Fontana  Giarri4 
which  are  noticed  by  Bellardi  in  Prof.  Sismonda's  Memoir  on  the 
Maritime  Alps ;  2ndly,  other  strata  with  various  NummtUUes  (as  we 
shall  again  find  at  Capo  di  Mortola)  ;  3rdly,  above  these,  marls  and 
sandstones ;  and  4thly,  macigno  and  limestones. 

These  strata  are  folded  back  towards  the  S.£.,  and  are  reproduced 
with  their  regular  development  at  the  Croce  di  Mortola,  where,  by  a 
local  disturbance,  the  strata  with  Nummulites  are  covered  uncon- 
formably  by  the  fossiliferous  strata  which  we  have  above  noticed. 

It  is  easy  to  see  that  this  unconformability  depends  on  a  local  dis- 
placement, if  we  follow  the  direction  of  the  strata  from  the  Croce 
di  Mortola  as  far  as  Capo  Omonino,  where  they  dip  into  the  sea  near 
the  estate  of  Grandis.  There  I  noticed  the  following  parallel  series 
of  strata,  from  below  upwards : — 

1 .  The  bluish  marly  limestone  with  Inocerami  and  Hamites ; 
A.-^  without  any  trace  of  Nummulites  or  other  fossils  common 

to  the  overlying  beds. 
^2.  Strata  containing  JSummulites  from  thirty  to  a  few  millimetres 
in  diameter,  and  gibbous  on  both  surfaces. 

3.  Strata  with  whitish  fossils  (Zooph^s  predominating),  ana- 
logous to  those  of  Fontana  Giam^  Blosasco,  Pallarea,  &c. 

4.  Strata  containing  Ostrea  about  20  centimetres  in  diameter 
(perhaps  the  Ostrea  latis^ma  of  Deshayes?). 

5.  Strata  with  flat  Nummulites,  about  20  millimetres,  more  or 
B.*^  less,  in  diameter. 

6.  Strata  containing  minute  bodies  possibly  referable  to  Num- 
mulina  of  D'Orbigny; — flat,  circular,  thin,  and  bearing  a 
central  tubercle  on  one  of  their  faces. 

7.  Strata  with  small  Lenticulites,  analogous  to  those  of  Beau- 
lieu  near  St.  Ospizio. 

8.  Strata  containing  a  mixture  of  flat  Nummulites  and  of  the 
species  referred  to  in  No.  6,  &c. 

Disseminated  in  the  greater  part  of  these  strata  [B.]  we  have  the 
Spirulea  nummularia,  Brona  [^Serpula  spirulea,  Lionk.],  and  other 
fossils  which  we  cannot  here  notice,  but  which  will  be  treated  of  by 
M.  Bellardi*. 

These  strata  consist  of  a  psammite,  more  or  less  brown,  and  vary- 
ing in  its  character. 

*  See  *'  List  of  the  fossila  from  the  Nummulitic  Rocks  of  Nice/'  by  M.  Bellaidi, 
Bullet.  Soc.  G^l.  Fraoce,  2  s^.  vol.  vii  p.  678.— Tkansl. 
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I  insist  then  on  the  perfect  agreement  of  these  nummulitic  strata 
amongst  themselves  (and  especially  with  that  containing  zoophytes 
and  full  of  whitish  fossils,  which  at  the  Croce  di  Mortola  I  descnbed 
as  being  unconformable  by  a  local  displacement),  that  these  inferior 
strata  with  Nummulites  may  not  be  dismembered,  nor  united  with 
the  underlying  cretaceous  hmestone  [A.]. 

This  order  of  the  strata  is  repeated  at  the  Fontana  Giarri6  with 
the  same  fossils. 

The  same  succession  is  observable  at  Poggetto,  Contes,  Roccas- 
terone,  &c. ;  places  where  I  have  collected — ^with  MM.  Bellardi, 
Wandenhecke,  Caillaud,  Dr.  Baudoin,  Major  Charters,  and  others — 
more  than  a  himdred  species  of  fossils,  the  majority  of  which  are 
referable  to  supercretaceous  forms,  according  to  MM.  Deshayes, 
Defrance,  Michelin,  and  Bellardi.  At  Blosasco  Count  Saisi  of  Nice 
found  a  Nerituea  in  the  nummulitic  strata;  and  some  cretaceous 
fossils  found  in  this  terrain  are  noticed  in  Prof.  Pilla's  work ;  but 
their  number  is  very  small. 

At  Braus  only  the  stratum  comparable  to  that  above  indicated 
by  No.  2  has  been  observed.  More  exact  research,  however,  may 
enable  us  to  find  the  others  also.  I  have  there  ascertained  that  the 
nummulitic  terrain  reposes  on  the  marly  limestone  with  Inoceramus 
quite  unconformably, — a  fact  already  noticed  by  Professor  Sismonda, 
and  observed  by  him  and  Bellardi  at  Poggetto,  Roccasterone,  and 
La  Penne. 

The  Hmestone  with  Lenticulites  at  Beaulieu  ought  to  be  collocated 
with  the  nummulitic  strata  of  Mortola,  of  which  it  represents  the 
strata  marked  No.  7.  And  in  fact,  if  this  be  tertiary,  as  the  Marquis 
Pareto  is  inclined  to  think,  with  it  ought  to  be  arranged  the  num- 
mulitic series  of  Mortola  and  of  all  the  Maritime  Alps,  from  which  it 
cannot  be  separated : — a  fact  proved  by  the  marls  that  cover  this 
limestone,  which  abound  with  Foraminifera  common  to  the  num- 
mulitic marls. 

A  deposit,  moreover,  which  I  visited  at  the  Torrent  Lupo,  in  Pro- 
vence, ought  I  think  to  be  referred  to  the  Alpine  nummulitic  terrain, 
and  should  be  regarded  as  analogous  to  the  stratum  marked  No.  6, 
both  from  the  fossils  which  it  contains,  and  from  the  nature  of  the 
rocks  which  overhe  it.  In  examining  these  rocks  we  find  a  con- 
siderable development  of  marls  and  sandstones,  which  call  to  mind 
the  portions  immediately  above  the  nummulitic  strata  in  other  parts 
of  the  Maritime  Alps.  Further,  these  sandstones  are  here  covered 
by  Sub-Apennine  tertiaries,  with  the  usual  development  of  bluish 
marl  and  of  conglomerate. 

Cretaceous  rocks, — ^Without  the  intervention  of  the  Hippuriie- 
limestone  with  Nummulites,  the  absence  of  which  at  Nice  and  on 
the  Ligurian  coast  has  been  demonstrated  by  M.  Ewald,  the 
Alpine  nummulitic  terrain  generally  lies  upon  a  marly  limestone, 
sometimes  full  of  green  points,  &c.,  the  characters  of  which  have 
been  well  described  in  detail  by  MM.  Sismonda,  Pareto,  and  others* 
In  this  no  Nummulites  have  been  found;  but,  on  the  contrary, 
the  following  cretaceous  species — 

B  2 
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Inocenmus  mytUoides.  Ammonites  RhoihomageiiiiB. 

Cuyieri?  Mantelli. 

Ananchytes  ovatus.  falcatus. 

Micraster  arenatus.  —  FleuriausianuB ;  and  otben. 

cor<4inguinum ;  &c.  Scaphites  seqoaliB. 

Gryphaea  ooluroba.  Baculites  baculoides. 

Na,utilii8  triangularis.  Turrilites  oostatus. 

Ammonites  varians.  Grayesianus;  and  othen. 

Woolgari. 

This  is  a  mingling  of  the  fossils  of  the  white  and  the  chloritic 
chalk,  contained  in  numerous  strata  constituting  a  well-developed 
terrain,  which  ought,  indeed,  from  its  uniform  characters  and  the 
relations  of  its  parts  to  he  regarded  as  single  and  indivisihle. 

At  the  geographical  limits  of  this  terrain  we  find  cropping  oat 
two  strata  of  sandstone  (of  a  green  colour  from  the  grains  of  glau- 
conite  abundantly  disseminated  in  the  rock),  which  separate  it  from 
the  underlying  compact  yellow  limestone. 

These  two  strata  of  green  sandstone  are  naturally  disconnected 
from  this  terrain, — lstly,.by  the  distinct  separation  at  their  line  of 
contact;  2ndly,  more  especially  by  the  fossils  that  characterise 
them. 

The  first  of  these  strata  contains  at  the  Madonna  di  Laghetto,  the 
plain  of  £za,  and  the  Rayet  near  Monte  Calvo  the  characteristic 
Ammonites  of  the  Gault :   the  fossils  are, — 

Ammonites  LyelliL  Ammonites  BeudantL 

mammillaris.  latidorsatns. 

Roystianus.  Discoidea  subacnlns ; 

—  Delaraei.  and  others. 
interroptus. 

The  second  stratum  affords  characteristic  lower  neocomian  fosals. 
It  is  to  be  recognized  by  the  little  flattened  oval  oolitic  grains  of 
hydrated  iron ;  and  is  characterized  at  Monte  Calvo,  S.  Lorenzo  di 
Turbia,  the  Fosse  di  S.  Ospizio,  Toretto,  Ck)l  di  Revello,  &c.,  by 
the  following  fossils : — 

Ammonites  Astierianns.  Ammonites  radiatus. 

cryptoceras.  angulicostatus ; 

diffidlis.  and  others. 

Leopoldinns.  Crioceras  EmericL 

heliacus.  Belemnites  dilatatos., 

Izion.  subfusifbrmis ;  and  others. 

These  two  strata  almost  always  occur  in  separate  localities ;  they 
have  a  development  of  from  one  to  a  few  metres,  and  lie  conformably 
on  the  compact  yellow  limestone. 

Major  Charters  has  visited  some  of  these  localities,  and,  to  my 
satisfaction,  has  arrived  at  the  same  conclusions. 

Jurassic  rocks. — Beneath  these  green  sandstones  lies  the  dirty- 
yellow  compact  limestone,  more  or  less  dolomitic,  which  forms  the 
flanks  and  the  crest  of  the  principal  mountains  above  Nice,  and 
along  a  considerable  tract  of  country  in  Liguria  to  the  West. 

This  limestone  is  considerably  developed ;  and,  without  overstep- 
ping the  truth,  it  may  be  estimated  at  above  1000  feet  in  thickness. 
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The  agents  which  have  metamorphosed  it — sometimes  into  gyp- 
sum, sometimes  into  dolomite — ^have  not  so  obscured  its  stratification 
but  that  it  maj  be  seen  with  difficulty  in  a  few  places. 

To  M.  Sismonda's  reasoning  on  the  original  cause  of  the  production 
of  the  gypsum  of  this  limestone,  I  will  add  a  fact  of  some  weight ; 
namely,  tne  alteration  which  the  rocks  of  the  chloritic  chalk  lying 
above  tiiis  limestone  have  undergone  in  the  gypsum  pit  of  S.  Rosalia, 
where,  although  very  much  deranged  and  altered,  they  can  still  be 
recognized ;  and  I  note  this  fact  as  opposed  to  the  conclusions  which 
might  be  drawn  from  the  perhaps  not  too  exact  observation  of  M.  Tchi- 
hatchefiP,  who  described  his  having  seen  the  gypsum  lying  in  strata 
above  the  compact  limestone  at  Monte  Morone. 

The  disturbances  which  this  terrain  has  suffered  render  it  some- 
what difficult  to  recognize  the  order  and  arrangement  of  its  parts. 

It  appears  to  me  possible  to  divide  it  into  three  portions ; — ^the 
uppermost  is  characterized  by  numerous  Zoophytes  (as  at  the  Faro, 
where  it  is  soon  covered  up  by  the  neocomian  sandstone) ; — the 
middle  division  is  very  dolomitic,  and  especially  contains  Neriruea ; — 
the  lowest  contains  the  majority  of  the  Ammonites,  of  which  the 
following  is  a  list : — 

Ammonites  biplex.  Ammonites  flexoosiis. 

moltiradiatns.  KoenigiL 

tortisulcatus.  —  subfasdcnlaris. 

To  the  above  list  may  be  added  others  which  are  referable  to  the 
section  "  planulati,"  but  the  species  of  which  are  not  recognizable. 
Other  fossib*  are : — 

Belemnites  (indeterm.).  Terebratola  globosa,  Sow, 

Nerinaea  Wisurgis,  Ram.  mazillosa,  Sow. 

Terebratnla  perovalis,  Sow, 

Also  several  Eckinodermata,  which  are  redded  as  Jurassic  by  M. 
E.  Sismonda,  who  has  also  collected  from  this  limestone  some  mde- 
terminable  fragments  of  an  Apiocrinite  and  a  Pentacrinite. 

These  fossils  were  collected  at  the  foot  of  Monte  Calvo  in  the 
Valley  of  S.  Andrea,  at  the  foot  of  the  hill  of  Rovello,  at  S.  Ponzio,  at 
Monte  Albano,  and  at  the  hill  of  Turbia  near  S.  Lorenzo.  In  some 
of  these  localities  we  collected  them  in  company  with  Major  Charters. 

The  supposed  absence  of  Jurassic  fossils  m  this  lunestone, — ^its 
having  analogous  mineral  characters  with  the  neighbouring  rocks  of 
the  Cheiron,  and  other  reasons  derived  from  position, — and  espe^ 
cially  the  [presumed]  affinity  of  some  of  its  fossils  with  the  neocomian, 
were  the  reasons  that  induced  M.  Sismonda  to  regard  it  as  neoco- 
mian, and  to  remove  it  from  the  Jurassic  series,  with  which  De  la 
Beche  and  Bucklandf  had  placed  it.  Some  geologists  indeed  are  still 
inclined  to  take  this  view. 

*  I  am  indebted  to  Baron  von  Buch  for  the  determination  of  the  jorascic  Am- 
monites, and  to  M.  Bellardi  for  that  of  the  other  fossils  of  this  teirain. 
t  Trans.  Geol.  Soc.  2  ser.  vol.  iii.  p.  183  et  m^^.— Transl. 
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The  fossils  that  favoured  this  opinion  are, — 

The  Ammonites  tub/ascicularis,  D'Orh. ;  found  by  Sij.  Prof.  Cav* 
Sismonda  in  several  localities  in  the  county,  and  by  me  m  the  VaUey 
of  S.  Andrea,  toother  with  A.  tortUukatus,  D'Orb.  This  species 
was  afterwards  referred  by  D'Orbigny  to  the  Jurassic  series. 

Ammonites  virgatus ;  cited  by  Sismonda  with  some  doubt*. 

An  Aptyehus ;  determined  by  M.  Bellardi  as  the  A.  Didayi  (Co- 
quand)  ;  but  in  this  fossil  M.  Bellardi  afterwards  found  some  differ- 
ences from  the  true  A.  Didayi  in  the  number  and  direction  of  the 
oostee,  on  comparing  it  with  a  well-preserved  individual  of  that 
species. 

Ammonites  Ixion,  Belemnites  dilatatus^  B,  pistilli/ormis,  and  B. 
subjusi/ormis ;  these  were  really  found  in  the  greenish  neooomian 
sandstone,  which  some  would  unite  with  this  Hmestone,  which  occurs 
in  the  same  localities. 

General  inferences. — Reasoning  upon  what  I  have  here  broufffat 
forward,  it  appears  to  me  possible  to  arrive  at  the  following  conclu- 
sions : — 

1 .  That  the  macigno  in  the  Maritime  Alps  is  always  superior  to  tbe 
nummulitic  strata. 

2.  That  the  nummulitic  terrain  in  the  different  localities  of  the 
Maritime  Alps  above  cited  is  identical  in  age  and  character,  if  not  in 
development. 

3.  That  of  the  fossils  which  it  contains,  the  greater  part  are  Eocene, 
some  are  peculiar  to  it,  and  some  are  Cretaceous. 

4.  That  it  is  perfectly  distinct  in  its  characters  from  the  cretaceous 
strata  on  which  it  reposes,  — sometimes  unconformably ;  and  conse- 
quently that  it  cannot  be  classed  with  them. 

5.  That  the  Hippurite-limestone  with  Nummulites  may  sometimes 
possibly  be  in  contact  with  the  nummulitic  terrain  in  the  South  of 
France,  and  in  other  places,  but  that  the  two  groups  have  no  cha- 
racter in  common,  except  the  presence  of  the  genus  NummuHtes, — 
and  not  the  species,  as  was  supposed  by  Prof.  PiUa. 

6.  That,  if  a  few  fossils  be  sufficient  to  characterize  a  deposit,  a 
larger  number  are  more  decisive ;  whence  it  follows  that,  taking  into 
account  the  numerical  proportion  of  species,  the  Alpine  nummulitic 
terrain  should  be  referred  to  the  eocene  and  not  to  the  cretaceous 
period,  verjr  few  fossils  referable  to  the  latter  having  as  yet  been 
discovered  m  the  localities  above-mentioned,  and  some  even  of  these 
are  doubtful. 

7.  That  the  Alpine  nummulitic  terrain  ought  from  its  characters 
and  fossils  to  be  classed  as  intermediate  between  the  cretaceous  and 
the  supracretaceous,  as  MM.  Pilla  and  Leymerie  think ;  or  at  least  it 
should  be  united  with  the  tertiary  series  as  a  lower  member,  bat 
quite  detached  from  the  chalk,  as  M.  Michelin  has  suggested. 

8.  Thait  the  marly  limestone  with  Inocerami,  Am.  Mantelliy  Am. 

*  Notizie  e  schiarimenti  sulla  costitnzioDe  delle  Alpi  piemontesi  del  Prof.  Sis- 
monda, p.  89. 
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varians,  Gryphaa  eolumba,  &c.  ought  to  be  r^arded  as  the  upper 
cretaceous  terrain,  to  distinguish  it  from  the  gault,  which  I  shall 
designate  middle  chalk ;  and  from  the  neocomian,  which  forms  the 
lowest  portion  of  the  cretaceous  series. 

9.  That  the  Gault,  although  little  developed,  constitutes  a  terrain 
of  itself,  and  represents  the  middle  chalk  of  the  Maritime  Alps. 

10.  That  the  Neocomian  terrain  finds  its  representative  only  in 
the  greenish  sandstone  characterized  by  lower  neocomian  fossils. 

1 1 .  That  the  compact  yellow  limestone  not  so  characterized,  and 
subjacent  to  the  lower  neocomian,  is  Jurassic ;  a  conclusion  ren- 
dered necessary  by  the  Jurassic  fossils  found  in  it. 

1 2.  That  the  Cretaceous  terrains  of  the  Maritime  Alps  *  are  hmited 
above  by  the  marly  limestone  with  Inoceramtu,  Hamites,  &c.,  and 
below  by  the  greenish  neocomian  sandstone,  both  inclusive. 

[T.  R.  J.] 

On  the  Metamorphism  q/*  Bocks.     By  M.  J.  Delanoue. 

[L'lnstitut,  1854»  p.  285.     Leonhard  u.  Bronn's  N.  Jahrb.  f.  Min.  u.  s.  w.  1854, 

p.  731.] 

The  author  disapproves  of  the  immoderate  application  of  the  hypo- 
thesis according  to  which  silica,  natron,  and  even  felspar  have  been 
driven  out  from  the  interior  of  the  globe  to  silicify  and  felspathize 
not  only  the  strata  lying  in  their  immediate  vicinity,  but  even  single 
beds  of  rock  intercalated  between  others, — or  according  to  which 
magnesia  has  penetrated  this  or  that  rock,  or  converted  a  part  of  a 
limestone  into  dolomite.  He  does  not  deny  the  outbreak  of  molten 
rocks  from  the  interior  of  the  earth,  and  the  effect  of  their  heat  on 
the  sedimentary  rocks  at  the  point  of  contact,  whereby  the  latter  may 
have  been  calcined,  and  reaction  may  have  taken  place  among  their 
constituent  parts,  or  many  of  them  may  have  been  volatilized.  Thus 
"  the  volcanic  rocks  are  formed  by  the  sur/usion  of  the  felspathic 
rocks ;  anthracite  and  graphite  by  the  heating  or  calcining  of  fossil 
plants,  &c.  But  there  is  no  proof  that  the  porphyries  must  give  up 
alkalies,  or  the  serpentines  carbonated  magnesia  to  rock-masses 
broken  through  by  them.  Thus  in  the  Ligurian  Alps  the  serpen- 
tines have  upraised  limestone  strata,  almost  without  altering,  or  at 
least  only  fracturing  them.  Nowhere  do  we  see  proofs  of  the  inte- 
gral chemical  change  of  the  whole  of  a  rock  or  series  of  rocks." 

*  The  region  which  bean  the  general  name  of  **  Maritime  Alps ''  extends 
west  and  east  from  near  Colmar  in  France  to  Capo  di  Noli,  a  distance  of  about 
90  miles  (English) ;  and  to  the  northward  it  has  a  width,  on  the  parallel  of  Cmieo, 
of  about  50  miles. 

The  principal  maps  of  this  district  are  two. — 1.  The  great  Trigonometric  Smvey, 
**  CartaTopografica,"  on  a  scale  of  j^th  of  nature:  the  result  of  operationsdescribed 
in  two  eUborate  volumes  4to.  This  map  occupies  ninety  (engrayed)  sheets,  and 
must  be  an  excellent  basis  for  geological  survey.  2.  A  reduction  of  the  great 
map  to  a  scale  of  -^^f  in  six  sheets.  (*'  Carta  degli  Stati  di  sua  Maesta  Sarda, 
in  terra  ferma;  open  del  Real  Corpo  di  Stato  Maggiore;  incisa,  etc  1841.")  The 
acale  of  this  reduced  map  is  very  nearly  4  miles  to  an  inch  (English). — ^Transl. 
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It  appears  far  more  natural  to  admit  that  the  elements  of  the  metar 
morphic  rocks  already  existed  in  them,  and  have  not  heen  introdnoed. 
Certain  sedimentary  dolomites  and  limestones  have  evidently  under- 

gone  a  fusion  and  subsequent  crystallization  (St.  Gothard).  Chiasto- 
te,  Felspathic-granites  [  ?  ],  and  many  other  silicates  may  have  at  any 
time  been  produced  by  the  intense  heating  of  sedimentary  rocks  in 
which  their  constituent  elements  were  already  present.  Felspar  cry- 
stals originate  where  the  sedimentary  rock  contains  the  alununous 
alkali-silicates  of  the  pyrogenous  rocks  from  the  destruction  of  which 
it  has  been  formed. 

The  author  indicates  a  new  ori^  for  felspar  by  the  wet  method. 
This  soluble  combination,  which  is  formed  in  the  laboratory  by  the 
precipitation  of  alumina  with  the  natron-silicates,  occurs  also  in  the 
clays,  in  spite  of  the  solubility  of  the  soda,  and  must  have  necessarily 
been  preapitated  in  the  earliest  times  fit)m  all  the  ancient  seas  so 
rich  in  kali-  and  natron-silicates.  The  presence  of  these  alkali-sili- 
cates has  given  rise  to  the  immense  quantity  of  quarzites,  jaspers, 
and  flint-rocks,  which  are  so  abundant  in  the  oldest  formations. 

These  quarzites,  jaspers,  felspars,  &c.  have  been  precipitated  che- 
mically with  all  segments,  and  their  predominance  m  certain  places 
of  the  sedimentary  rocks  has  rendered  them  so  homogeneous  and 
hard,  that  recourse  has  been  had  to  the  hypothesis  of  an  extensive 
metamorphic  felspathization : — as  for  instance  in  the  case  of  the 
greywacke  of  the  Vosges.  [T.  R.  J.] 


On  Childrenite*.    By  C.  Rammklsbero. 

[Poggendoif  8  Annal.  Ixzxv.  p.  435,  &c. ;  and  Leonh.  u.  Bronn's  N.  Jahib.  f.  Mln. 
tt.  B.  w.  1854,  p.  322.] 

This  mineral  occurs  in  a  vein  in  the  George  and  Charlotte  Mine  near 
Tavistock  in  Devonshire,  with  spathose  iron,  quartz,  and  copper-pyrites. 
It  is  also  stated  to  have  been  found  near  Callington  in  Cumberland. 
Form,  rhombic  octohedron ;  the  side  angles,  according  to  Brooke, 
=97°  50',  the  sharper  terminal  angles  =120°  30'  [?  102^30'],  the 
blunter  130°  20'.  Combinations,  several.  Colour,  yellowish  and 
blackish  brown,  and  blackish.  Transparent.  Lustre,  brightly  vitreous. 
Hardness  =5.  Powder,  yellowish.  Specific  gravity,  from  3*247 
to  3*28.     Composition : — 

Phosphoric  acid 28*92 

Alumina    14*44 

Oxydulated  iron    30*68 

Oxydulated  manganese 9*07 

Magnesia   0*14 

Water    16*98 


100*23 

Formula  :~(2R*P+ A1^P)  +  15H.  [T,  R.  J.] 

*  See  also  Brooke,  Quart.  Journal  of  Science,  vol.  xn,  p.  274  ;  and  Brooke's  and 
Miller's  Mineralogy,  p.  521. — Transl. 
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MiNERALOGiCAL  RESEARCHES  in  the  District  around  Arendal 
and  Krageroe  in  Norway.  By  David  Forbes,  F.G.S., 
A.I.C.E.,  and  Tellef  Dahll,  Cand.  Min. 

[Minenlonske  lagttagelser  omkring  Arendal  og  ICrageroe,  &c. ;  abridged  from  the 
Nonke  Magazin  for  Naturyidenskab,  toI.  viii.  part  3, 1854.] 

This  paper  is  the  first  of  a  series  of  observations  on  the  mineralogy 
of  the  line  of  coast  connecting  the  towns  of  Arendal  and  Krageroe  in 
Norway,  and  contains  notices  of  several  new  minerals,  as  well  as 
additions  to  the  mineral  geography  of  this  district. 

Some  points  connected  with  the  development  of  minerals  in  con- 
nexion with  the  granitic  rocks  appear  of  sufficient  interest  to  warrant 
an  abstract  of  this  part  of  the  paper,  without  going  into  the  more 
purely  mineralogical  details  which  form  the  bulk  of  the  communi- 
cation. 

The  district  itself  is  composed  entirely  of  the  older  rocks,  princi- 
pally gneiss,  which  shows  itself  in  many  varieties.  The  general 
strike  was  found  to  be  from  60°  N.W.  to  E.  and  W.,  or  about  parallel 
to  the  main  line  of  coast. 

The  dip  was  extremely  variable,  and  at  all  angles  from  13°  i:^  to 
90°,  S.E.  to  S.,  and  up  to  S.W. 

Micargneiss  was  found  most  normal  in  Dybvaag,  consisting  there 
of  red  orthoklase,  grey  quartz,  and  black  mica. 

Felspar  and  mica  became  more  sparingly  distributed  towards  Kra- 
geroe, and  there  hornblende  and  quartz  were  found  more  prominent, 
and  often  as  distinct  rocks  ;  on  the  other  hand,  nearer  Arendal,  fel- 
spar was  much  more  abundant,  and  was  generally  present  as  potash- 
felspar,  whereas  at  Krageroe  soda-felspar  was  the  more  common. 

The  results  of  these  researches  appear  to  prove  that  the  occurrence 
of  minerals  in  these  rocks  is  due  almost  exclusively  to  the  appearance 
of  granite,  which  therefore  formed  a  special  subject  of  investigation, 
and  is  divided  into  two  classes : — 

A,  when  occurring  as  veins,  or  imbedded  in  the  course  of  strata. 

B,  as  nodules  or  irregular  masses. 

It  was  found  that  this  classification  was  not  only  consistent  with 
the  external  form  of  the  granitic  masses,  but  was  also  visible  in  their 

VOL.  XI. — part  II.  c 
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internal  structure  and  mineral  contents ;  since  the  former  of  these 
varieties  was  seldom  found  to  contain  extraneous  minerals,  whereas 
the  latter  was  generally  rich  in  such. 

With  regard  to  the  first  of  these  classes,  reference  can  he  made  to 
the  paper  itself,  with  its  illustrations  *,  firom  which  it  would  appear 
that  this  granite  shows  itself  in  veins  of  all  sizes,  cutting  through,  or 
imbedding  itself  in,  the  gneiss,  and  generally  possessing  a  much  finer 
grain  and  more  confused  development  than  the  other  variety. 

The  second  class  is  treated  more  in  detail,  as  being  particularly 
favourable  to  the  development  of  extraneous  minerals.  The  first 
symptoms  of  the  appearance  of  such  granite  seem  to  be  where  there 
is  seen  here  and  tnere  in  the  crystfuline  schists  small  nodules  of 
white  quartz,  of  reddish-grey  orthoklase,  or  of  yellowish-white  olieo- 
klase,  of  a  nreater  size  than  the  particles  composing  the  rock  itsell^ 

Still  furmer  developed,  as  can  be  seen  at  Gronholmen,  Flougsta- 
doen,  &c.,  these  nodules  are  composed  of  one  or  both  species  of  fel- 
spar, along  with  quartz  and  mica,  in  particles  varying  in  bulk  up  to 
the  size  of  the  fist ;  the  laminae  of  the  gneiss  bend  round  the  nodules, 
like  the  woody  fibre  surrounding  a  knot  in  timber. 

When  the  size  of  these  nodules  increased,  it  was  found  that  the 
particles  of  their  constituent  minerals  also  became  larger,  less  inter- 
mixed with  each  other,  and  of  better  crystalline  development ;  and 
further,  that  extraneous  minerals  were  found  more  frequently  present 
in  proportion  to  such  increase  of  size. 

The  appearances  presented  by  such  granitic  masses,  with  their 
pro^essive  development,  will  be  better  seen  from  a  few  of  the  illus- 
trations which  are  here  subjoined. 

Fig.  1  is  a  horizontal  plan  of  part  of  an  irregular  granitic  mass  in 

Fig.  1. — Oraund-plan  of  a  granitic  maw,  with  quariz-nodules,  in 
ffneiM  at  Ealvemmd. 


the  gneiss  at  Kalvesund.     Lenticular  masses  of  quartz  (a,  a)  are 
here  seen  surrounded  by  a  mixture  of  orthoklase  and  mica. 

At  Flougstadden  also  is  seen  a  mmilar  case  (fig.  2),  where  a 
nodule  of  quartz  (a  a)  is  surrounded  by  a  mixture  of  the  same  oom- 

*  In  Plate  III.,  Noreke  Mag.  f.  N.  voL  viii.  part  3 ;  some  of  the  figures  of  which 
are  here  reprodaced  as  woodcuts. — Transl. 
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Fig.  2. — Ground^lan  of  a  granitic  mass,  with  a  quartz-nodule,  in 
gneiss  at  Flougstad&en. 


position  as  before,  and  the  whole  fonns  an  irregular  mass  (m,  n)  in 
the  gneiss,  and  disturbs  the  foliation  of  this  rock. 

Fig.  3  is  a  sketch  drawn  on  an  island  near  Ebo,  where,  as  before, 
a,  a,  IS  a  lenticular  quartz  nodule,  surrounded  in  this  case  by  a  mixture 
of  white  oligoklase  and  chloritic  mica,  which  also  encloses  the  frag- 
ments c,  c,  CTidentljr  portions  of  the  homblendic  gneiss  which  forms 

Fig.  3. — Ground-plan  of  a  quartz-nodule  in  a  granitic  mass,  with 
fragments  of  the  enclosing  rock,  from  near  Ebo. 


the  surrounding  rock  ;  several  minerals  are  found  here. 

On  a  much  larger  scale  than  any  of  these,  fig.  4  represents  the 
section  of  the  quartz  quarry  at  Buoien  ;  here  we  have  a  large  mass 
of  quartz,  a,  a,  which  is  quarried  for  technical  purposes,  surrounded 

Fig.  4. — Section  of  a  Quartz  Quarry  at  Buoien,  showing  a  lenticular 
mass  of  quartz  enveloped  with  granitic  rock  imbedded  in  gneiss. 


by  a  sheath  of  rock,  which,  withui  the  lines  b  h,  h  h,  \&  comp 
of  orthoklase,  with  a  few  large  plates  of  black  mica.  At  the  pomt  of 
contact  with  the  quartz,  the  orthoklase  is  often  found  in  large  and 
sometimes  defined  crystals  of  several  cubic  feet  contents. 

c  2 
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Beyond  the  lines  b  b,  b  b  the  orthoklase  is  less  developed,  be- 
comes mixed  with  about  as  much  oligoklase  and  quartz,  and  then 
forms  a  graphic  granite,  which  at  other  parts,  by  the  addition  of 
mica  in  small  plates,  puts  on  the  appearance  of  ordinary  granite. 

Orthite,  Zircon,  Malakon?,  Oerstadite?,  Apatite,  Yttrotitanite, 
Magnetite,  &c.,  were  found  here. 

The  finest  representation 
given  of  the  structure  of  such 
granitic  masses  is  shown  in 
the  vertical  section  of  the    ^ 

felspar  quarry  at  Helle  near    ^  •  • 

N8eskilen(fig.5).    The  scale    ^  s^ 

may  be  judged  of  from  the    "^  I  & 

section  itself,  which  at  the     o  J| 

highest  point  is  about  1 5  feet.    ^  g  | 

The  felspar  is  here  quarried    ^  s  5 

for  technical  purposes.  o  || 

On  the  surface  is  seen  vl   m  w  » j 

covermg  of  gneiss,  not  more    'S  |'9'& 

than  from  1  to  2  feet  thick,    W  ^^\^^ 

showing  a  regular  and  nearly 
perpendicular  foliation;  be-    :;^ 
low  this  we  have  on  the  one    |5 
hand  (a)  orthoklase  graphic    .^ 
granite,  and  on  the  other 
{b)  oligoklase  graphic  gra- 
nite. 5  I 

Still  lower,  the  constituent    Q^  & 

minerals  of  the  granite,  viz.     ^  g 

quartz  (r),  orthoklase  (0),    ^  ^ 

and  mica  (x),  are  developed    {^  ^ 

on  an  immense  scale;   the     q  -S 

mica,  even,  being  in  plates    v^ 
of   enormous    size    and  of    g 

many    square    yards    area.    •§  .5 

The  masses  of  quartz  and     S  |     . 

orthoklase  here  found  some-      |  .2    J  . 

times   show  traces  of  cry-    Jj  I'i-^i 

stalline  faces.  -.®.T 

Underneath  the  whole  we    -^  ^  "•  ®  *-" 

have  graphic  granite  (m), 
going  over  to  ordinary  gra- 
nite of  a  fine  grain. 

Several    minerals    occur 
here,  and  amongst  others  may  be  mentioned  two  new  minerals  called 
Alvite  and  Bragite,  as  well  as  Orthite  in  crystals  and  masses  up  to 
the  size  of  14  to  15  lbs. 

From  the  observations  made  in  various  parts  of  this  district  it 
would  appear  that  the  mica  present  in  such  granite  has  a  very  de- 
terminate relation  to  the  occurrence  of  extraneous  minerals,  which 
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were  almost  invariably  found  either  in  close  connexion  with,  or  often 
imbedded  in,  the  plates  of  mica.  It  was  likewise  remarked^  that  the 
quartz,  when  in  contact  with  large  plates  of  mica,  became  of  a  smoke- 
brown  colour,  which  otherwise  it  was  never  found  to  possess ;  also 
that  the  felspar  often  became  of  a  darker  colour,  and  was  then  gene- 
rally accompanied  by  some  rarer  mineral. 

Various  observations  seem  to  prove  that  both  the  felspar  and  the 
mica  have  crystallized  before  the  quartz  ;  the  mica- plates  apparently 
floating  about  in  a  solution  from  which  the  quartz  had  subsequently 
crystallized. 

Beyond  the  abstract  here  given,  the  remainder  or  greater  part  of 
the  communication  treats  of  the  minerals  separately,  with  regard  to 
locality,  mode  of  occurrence,  crystalline  character,  and  chemical  con- 
stitution ;  and  is  of  such  length  that  reference  on  these  points  must 
be  made  to  the  paper  itself.  It  may  be  mentioned,  however,  that 
four  new  minerals,  called  Alvite,  Tyrite,  Urdite,  and  Bragite,  are  an- 
nounced ;  the  chemical  examination  of  which  shows  the  presence  of 
very  rare  chemical  elements ;  also  that  three  of  them  contain  a 
considerable  amount  of  water,  notwithstanding  their  being  situated 
in  granite  of  igneous  origin.  [D.  F.] 


On  /A^ECHINODERMATA  of  the  HiLS-CoNGLOMERATE  in  NoRTH- 

Western  Germany.    By  A.  von  Strombeck. 

[Leonhard  u.  Bronn's  N.  Jahrbach  f.  Min.  u.  s.  w.  1854,  p.  641-656.] 

Among  the  characteristic  fossils  of  the  Hils-conglomerate  in  the 
Northern  Hartz  and  in  Hilse,  the  Eehinoidea  are  some  of  the  most 
important,  partly  on  account  of  peculiarity  of  form,  and  partly  from 
their  abundance  ;  and  as  yet  they  have  not  received  sufficient  atten- 
tion. Hence  it  happens  that  geologists,  though  well  acquainted 
with  the  rich  variety  of  the  Neocomian  Echinodermata  of  Switzerland 
and  France,  remain  still  in  doubt  with  regard  to  the  place  of  the  Hils- 
conglomerate  (although  indeed  A.  Roemer,  in  his  work  on  the  Chalk- 
furmation,  has  already  referred  it  to  its  true  geological  horizon). 
For  this  reason  M.  v.  Strombeck  was  induced  to  determine  with 
precision  the  species  from  the  Hils-conglomerate ;  more  especially  as 
he  possessed  for  comparison  some  good  suites  of  Neocomian  fossils 
from  Neuch^tel,  Ste.  Croix  (Jura  Vaudoise),  Mont  Salfeve  near 
Geneva,  Censeau  (Dep.  Jura),  Escragnoles  (Var),  Castellane  (Basses 
Alpes),  &c.,  with  which  he  was  favoured  by  geologists  living  near 
those  localities;  and  further,  since  M.  Desor,  one  of  the  best  autho- 
rities on  the  Eehinoidea,  had  lately  revised  the  ELils-conglomerate 
species  in  M.  v.  Strombeck's  collection,  some  of  which  were  repre- 
sented by  fifty  and  more  specimens.  The  determinations  may  there- 
fore be  considered  as  correct. 

At  the  same  time  M.  von  Strombeck  in  this  paper  furnishes  some 
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remarks  on  the  Lower  Cretaceous  beds  near  Brunswick;  hiB  in- 
tended memoir  on  this  subject  requiring  more  time  for  its  completion. 

The  whole  of  the  Hils-conglomerate  does  not  contain  fosnl  Echi- 
noderms.  In  the  fullest  deyelopment  of  the  Con|;lomerate,  where  it 
does  not  pass  into  one  bed,  the  upper  part  oontams  no  trace  of  Sea- 
urchins,  although  it  has  many  fossils  common  also  to  the  lower  por- 
tion. The  Eehinoidea  are  confined  to  the  older  part.  Here  there 
are  in  one  and  the  same  horizon  two  different /acftf«,  passing  however 
one  into  the  other  ;  the  one  is  full  of  SpatangoidiB ;  the  other  in 
its  typical  development  exhibits  only  Cidaria  remains. 

Tlie  Spatangoida  fades  occurs  in  the  Brunswick  district,  on  both 
sides  the  Asse  (Berklingen,  Gross-Yahlberg,  Gevensleben,  between 
Denkte  and  Wittmar,  &c.),— on  the  Oesel  (particularly  at  the  spot 
called  Busche),^-on  the  FaUsteine  (Achim  and  Wetzleben), — and  be- 
tween Goslar  and  ELarzburg  on  the  northern  side  of  the  Etartz. 

The  Cidaris  fades  is  seen  on  the  southern  brow  of  the  Ehns 
(Bautenbe^,  near  Schoppenstadt),— on  the  heights  near  Apelnstadt 
and  Salzdahlum,  between  orunswick  and  Wolfenbuttel, — on  the  Oesel 
(Kissenbruch  sand-pit), — and  near  Schandelah. 

When  the  Hils-conglomerate  is  not  divisible  into  upper  and  lower, 
it  either  contains  no  Eekinites, — as  at  Bohnencamp  near  Querum, 
not  far  from  Brunswick  (here  the  Neocomian  sandstone  of  the  Teuto- 
burger  Wald,  described  by  F.  B.oemer,  appears  to  belong),~-or  only 
the  Cidaris,  as  at  Elligserbrink,  not  far  from  Delligsen  in  Hilse. 

With  regard  to  its  stratigraphical  position,  the  Uils-conglomerate 
in  the  Northern  Hartz  lies  on  the  Jurassic  strata  (the  lower,  middle, 
or  upper,  according  to  the  several  localities),  and  in  the  Hildesheim 
district  it  rests  on  the  Wealden.  It  is  generally  overlaid  by  a  thick 
mass  of  clay,  which  in  its  idlest  development  presents  the  following 
members,  from  below  upward  : — 

1 .  Clay  with  the  fossils  of  the  Speeton  Clay,  as  cited  by  Phillips, 
— but  leaving  out  the  Gault  forms,  &c. 

2.  Clay  with  Belemnitee  semcanaliculatu8,  Blainv.  (according  to 
D'Orbigny),  and  Jmmonites  Nisus,  D'Orb.  ;=the  Gargas-man  = 
Aptian. 

3.  Lower  Gault  Clay,  poor  in  fossils ;  locally  replaced  by  a  littoral 
formation,  the  Subhercynian  Lower  Quader-sandstone. 

4.  Upper  Gault  Clay  with  Ammonites  aurittu.  Sow.,  Belemmtes 
minuius.  Lister.  (See  Zeitschr.  d.  Deutsch.  Geol.  Gesellsch.  vol.  v. 
p.  501.) 

Still  higher  are  variegated  marls  [flammen-mergel],  planer,  and 
lastly  argillaceous  and  sandy  marls  (the  latter  with  BeL  mueronaius) 
of  the  age  of  the  White  Chalk. 

The  clays  nos.  1  to  4  were  comprehended  in  the  term  "  Hilsthon," 
given  by  A.  Roemer  before  it  was  known  that  any  of  them  possessed 
a  distinct  and  characteristic  fauna,  the  publication  of  which  M.  von 
Strombeck  reserves  to  himself.  The  rich  fossiliferous  bed  at  Ellig- 
serbrink, 4  to  12  feet  in  thickness,  which  Roemer  likewise  included 
in  it,  is,  as  above  mentioned,  decidedly  Hils-conglomerate. 
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M.  Ton  Strombeek  proceeds  to  describe  (pp.  463-652)  the  species 
of  Eehinodermata  peculiar  to  the  Hils-conglomerate,  and  to  point 
out  their  synonymy^  alliances,  and  localities. 

The  following  are  the  species  of  Echinoidea  that  have  been  found 
in  the  Hils-conglomerate  and  determined  with  precision. 


Toxaster  complamtus  {GmeL),  Ag., 

Holaster  Htrdyi,  Jhik 

Dysuter  oyiilnm,  4^ , 

Pygunit  Montmollini,  Ag. 

Nocleolites  Olfeniii  Ag , 

— -  Gresslyi,  Ag,    , 

Pyrina  pygea,  Detor 

Holectypns  macropygus,  Dnor  

Diadema  rotulare,  Ag 

Bonrg^ueti,  Ag, 

Cidaris  punctata,  Roem,  , 


All  these  species,  except  the  last  one,  occur  together  more  or  less 
frequently ;  but  exdusively  in  the  lower  Hils-conglomerate.  The 
last  species  (Cidaris  punctata)  is  rare  in  the  same  localities,  but  is 
extremely  abundant  where  the  beds  contain  no  other  Urchins. 

M.  D'Orbigny  has  recently  divided  the  Neocomian  into  two 
stages, — the  lower,  or  Neocomian  proper, — and  the  upper,  or  Ur- 
gonian.  The  Swiss  geologists  again  divide  the  lower  portion  into  two 
members, — the  lower  and  the  middle  Neocomian,  represented  by  the 
Mames  d'Hauterive  and  the  yellow  limestone^  whicn  underlies  it. 

According  to  a  letter  from  M.  Desor,  the  Lower  Neocomian  is 
characterized  by  Toxaster  subquadratus,  T.  Campichei^  and  Pygurtu 
rostratus ;  the  upper,  by  Toxaster  oblongus  and  Py gurus  productus^. 
It  may  be  that  the  separation  between  the  lower  and  the  middle 
Neocomian  is  only  local ;  it  is  certain,  however,  that  the  Hils-con- 
glomerate has  not  as  yet  afiforded  any  of  the  lower  or  of  the  upper 

*  [This  species,  which  M.  v  Strombeek  states  he  has  not  received  finom  Neu- 
chatel,  has  certainly  been  found  in  the  Marnes  d'Hauterive  of  Ste.  Croix  (Jura 
Vaudoise).— E.  R.] 

t  [This  species  is  found  in  the  Neuchatel  district  in  the  Upper  Neocomian 
(^ge  nrgonien). — E.  R.] 

X  [M.  V.  Strombeek  speaks  of  this  rock  as  being  paleontologically  equivalent  to 
the  Marnes  d'Hauterive ;  but  this  is  incorrect,  as  the  fauna  is  very  different.  M. 
Desor  has  proposal  for  this  lower  stage  the  name  VaUmgitn^  and  is  about  to 
describe  the  fauna,  which  contains  a  great  number  of  new  species. — E.  R.] 

§  [In  M.  V.  Strombeck's  paper  the  two  species  of  Pggtwm  are  inadvertently 
misplaced  one  for  the  other. — E.  R.] 
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Neocomian  species  of  Echinoderms.  On  the  contrary,  as  maj  be 
seen  by  the  foregoing  Table,  nearly  all  the  species  are  found  in  the 
Mames  d'Hauterive,  both  in  the  D^pt.  de  Tls^re,  and  in  the  Frendi 
Jura  and  Neuchatel ;  and  by  consulting  the  works  of  Leymerie,  the 
same  will  be  found  to  hold  good  for  the  Basin  of  the  Seine. 

Thus  are  these  Echinites  found  to  indicate  a  particular  geological 
horizon  ;  the  Mames  d'Hauterive  of  Switzerland  and  France  corre- 
sponding to  the  Hils-conglomerate  of  Germany.  It  seems  indeed 
that,  even  if  some  of  the  species  occur  in  the  lower  Neocomian,  none 
of  them  passed  up  to  a  higher  horizon  than  the  Neocomian.  The 
only  exception  appears  to  be  the  occurrence  of  Toxaster  camplanatus 
in  younger  beds  up  to  the  Upper  Greensand  in  England  (Morris's 
Catalogue,  1st  edit.  p.  54*)  ;  but  it  is  probable  that  this  exception 
will  be  set  aside  by  further  examination.  The  occurrence  of  this 
species  in  the  Speeton-clay  is  at  least  very  doubtful.  The  Speeton- 
Clay  of  Brunswick  does  not  contain  anything  of  the  kind.  Either 
the  Speeton-clay  of  Yorkshire  has  not  been  separated  from  the  lower 
Neocomian,  just  as  Phillips  did  not  separate  it  from  the  Gault,  or 
the  Spatanffus  argillaceuSy  which  Phillips  figures  from  the  Speeton 
Clay,  is  a  different  species  from  Toxaster  complanatusf. 

The  agreement  between  the  Mames  d'Hauterive  and  the  Lower 
Hils-conglomerate,  as  shown  by  their  other  organic  remains,  is  thus 
supported  by  an  additional  argument, — the  identity  of  the  Echi- 
noideal  fauna.  But  we  must  not  forget  that  this  same  Neocomian 
exhibits  in  different  localities  very  different  faciea,  such  as  Marcoa 
has  described  it  at  Nozeroy,  and  as  it  occurs  in  the  Hartz. 

[E.  R^NEviER  and  T.  R.  J.] 


On  the  GeoLOGY    of  the  Northern   Vorarlbero    and   the 
Neighbouring  Districts.     By  A.  Escher  von  dkr  Linth. 

[M^moires  de  k  Soci^t^  HeW^tique  des  Sciences  Natarellet,  vol  ziii.;  and  BiblioU 
Univ.  de  Geneve,  Arch.  Sc.  Phys.  et  Nat.  Sept.  1854,  p.  67  &c] 

The  position  of  the  Alpine  rocks  regarded  as  belonging  to  the 
Keuper  has  been  often  the  subject  of  discussion,  especially  since  the 
environs  of  S.  Cassian  in  the  Tyrol  have  furnished  a  large  number 
of  fossils.  M.  Escher's  memoir  treats  especially  of  th^  difficult 
subject,  and  contains  also  a  description  of  the  general  succession  of 
the  numerous  rock-masses  which  constitute  the  eastern  portion  of 
Switzerland  and  the  western  part  of  the  Tyrol.  The  memoir  is  the 
result  of  traverses  made  in  this  little-known  Alpine  region  in  1851- 

M.  Escher  indicates  in  the  following  Table  the  order  of  the  strata, 
commencing  at  the  top.  This  general  view  is  established  on  the 
numerous  sections  accompanying  the  memoir. 

•  [This  is  corrected  in  the  2nd  edit.  1854.— T.  R.  J.] 

t  [With  regard  to  this  species,  the  late  Prof.  E.  Forbes  remarks  (Mem.  Geol. 
Sunr.  Dec.  IV.  t.  5.  p.  4),  "  1  can  find  no  evidence  whatsoever  of  the  occoirenoe 
of  the  true  Toxaater  eomplanahu  in  the  British  strata.  Very  distinct  Sea-arcliina, 
members  of  no  fewer  than  four  different  genera,  have  been  intended  bv  that  i 
in  British  lists."— E.  R.] 
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f  Upper  freshwater. 


£ocene 

Cretaceous 
Jurassic   ... 


Molasse    1.  <  Marine. 

[  Lower  freshwater. 

2.  Flysch. 

3.  Nummulitic  beds. 

4.  Limestone  of  Sewen. 

5.  Gault. 

6.  Urgonian. 

7.  Neocomian. 

8.  Upper  ?  Jurassic. 

9.  Middle  Jurassic. 
?                  10.  Fucoidal  schists. 

Lias  •[  ^^*  Marly  limestone  with  Ammonitei  JmaUhetUf  &c. 

*"  \  12.  Red  limestone  with  homstbne. 

"13.  Limestone  with  Mepalodon  scutattis, 

14.  S.  Cassian  beds. 

15.  Dolomite  (fossils  at  Esino,  Lake  Como). 
Trias    •  16.  Schists  with  ^ato^. 

17.  Letten.kohle. 

18.  Muschelkalk  (Lombard  Alps). 
.  19.  Bunter-Sandstone  (Regoledo). 

20.  Yerrucano. 

In  reviewisj^  this  series  of  strata,  the  author  commences  with  those 
which  are  sufficiently  characterized  to  serve  as  a  geological  horizon. 
These  are  the  two  members  of  the  Lias,  Nos.  1 1  and  12.  This 
group  is  well  developed  in  the  Vorarlberg  and  the  Tyrol,  and  parti- 
cularly in  the  SpuUers  Alps,  to  the  north  of  Klosterle  on  the  Arlberg 
road,  and  at  Elbigenalp  in  the  valley  of  the  Lech. 

The  stratum  No.  1 1  is  that  whicn  M.  Schafhautl  has  termed  the 
Fleckenmergeln.  It  contains  some  Fucoids  and  coaly  matter,  and 
attains  a  thickness  of  400  feet.   It  has  yielded  the  following  fossils : — 

Ammonites  radians,  SehL  Ammonites  torulosus  ?,  SckubL 

A.  faldfer  ?,  Sow,  A.  Desplacei  ?,  lyOrb, 

A.  annulatus,  SehL  A.  heterophyllus,  Sow, 

These  are  referable,  according  to  M.  D'Orbigny,  to  the  Etage  Toareim, 

Ammonites  planicosta,  Sow,  Ammonites  R^nardi,  jyOrb, 

A.  margaritatns,  Montf,  A.  Henleyi,  Sow. 

A.  Valdani,  D'Orb,  A.  fimbriatus,  Sow, 
These  characterize  the  Etage  LUuien, 

Orthoceras  (Melia,  D*Orb,),  Inoceramns  Falgeri. 

It  appears  that  there  is  a  nUlange  of  fossils  in  this  bed. 

The  red  limestone  voith  homatone.  No.  12,  consists  of  red  marly 
concretionary  limestone,  with  red  and  green  nodules  of  homstone, 
and  varies  in  thickness  from  20  to  100  feet.  The  silex  sometimes 
forms  layers  which,  in  the  lower  part,  alternate  with  limestone  a 
great  number  of  times.  These  beds,  which  appear  to  be  the  equiva- 
lent of  the  Lias  of  Adneth  (Salzburg),  contain  fossils  referable  to  the 
Etage  Sinimurien,  viz. — 

Ammonites  Bucklandi,  Sow,  Nautilus  aratus,  Schl, 

A.  Conybeari,  Sow,  Belemnites  brevis,  BL 

A.  Tumeri  ?,  Sow. 

Consequently,  although  as  yet  neither  Plagiostoma  giganteum  nor 
Gryphcea  arcuata  have  been  found  in  them,  these  beds  without  doubt 
belong  to  the  Liassic  epoch. 
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In  the  Spoilers  Alp  there  are  beneath  the  preceding  beds  Schists 
(No.  10)  similar  in  external  character  to  Flysch.  These  are  marly 
schists  and  sandstone,  containing  debris  of  plants,  flakes  of  mica, 
and  impressions  of  Fuci,  and  have  a  thickness  of  500  to  600  feet. 
Without  positively  deciding  the  question  of  the  age  of  this  rock, 
M.  Escher  places  it  in  the  lower  Jurassic  series,  beoiuse  it  has  not 
yet  afforded  either  the  greenish  sandstones*  or  the  Hehninthoids 
which  usually  characterize  the  Flysch.  Its  Fucoids  also  have  con- 
siderable aniuogy  to  those  of  the  Lias. 

The  middle  Jurassic,  No.  9,  is  represented  by  a  whitish  limestone 
to  the  south  of  Vils.     It  contains 

TerebrataU  tpinQia,  PkilL  TerelntuU  palt,  AtdL 

T.  concinna,  Sow,  T.  antiplccta,  Btiek, 

The  Upper  Jurassic  Limestone  (Jurakalk  von  Au)»  No.  8,  is  met 
with  in  die  Bregenzer  Wald,  between  Au  and  the  Mellau  Valley, 
where  it  forms  the  anticlinal  of  Canisfluh.  The  fossils  are  few ;  two 
of  the  Ammonites  are  allied  to  ^.  biplex. 

The  Cretaceous  beds  occur  on  the  borders  of  the  Alps  between 
the  Rhine  and  the  111,  and  at  the  Grunten,  near  Sonthofen.  They 
resemble  those  of  eastern  Switzerland.  The  author  mentions  the 
Etage  NSocomien  A,  D'Orb.  (1500  feet  in  thickness),  with  Toxaster 
complanatus ;  and  the  Etage  NSocomien  B,  or  Urgonieny  of  D'Orb., 
=  Schratten-kalk  of  Studer,  or  Caprotina-Iimestone.  The  latter  is 
whiter  in  colour  than  the  former ;  it  contains 

Orbitolint  lenticolaris,  Brmm\  near  Fddkirch,  the  GriinteD,  &c. 

Caprotina  ammonia,  D*Orb,  Grunten. 

Plicatula  asperrima  ?,  jyOrb,  Giunten. 

Janira  ateva,  jyOrb. ;  at  Seniis. 

Ostrea. 

NerinMU 

Pentacrinites. 

The  Greensand  {Stage  ^/6t>n)=Turrilite-Sandstone,  100  feet 
thick,  has  a  variable  lithological  constitution.  Fossils  are  abundant, 
and  are  identical  with  those  of  Fis  and  the  Perte  du  Bhftne. 

Lastly,  the  Seewer-kaUc,  or  the  Inoceramus-limestone  of  Seewen 
(200  feet  thick),  represents  probably  the  Stage  CSnomanien,  S.  Turo- 
nien,  and  S.  SSnonien  of  D'Orbi^y. 

M.  Merian  has  found  on  the  Liiner-gratt,  between  Prattigau  and 
the  Liiner-see,  a  boulder  full  of  fossils  belonging  to  the  Gosau  forma- 
tion (Stage  Turonien), 

The  Nummulitic  formation,  surmounted  by  the  Flysch,  occurs  in 
this  region,  and  is  separated  from  the  upper  Seewer-kalk  by  a  marl 
(100  feet  thick)  with  Oetrea  Archiaciana,D' Orb.  This  is  the  marl 
which,  according  to  Murchison  ('Alps,  Carpathians,'  &c.  pp.  186, 
193,  201,  &c.),  presents  a  lithological  passage  from  the  Cretaceous 
into  the  overlying  Nummulitic  rocks. 

The  Molasse  is  divisible  into  two  groups  of  freshwater  formation, 
separated  by  a  marine  deposit.  Between  Sibratsefall  and  Bregenz  the 
gravels  of  the  Nagelfluh  consist  of  limestones,  and  contain  little  or  none 

*  [We  suppose  that  under  this  denomination  the  author  refers  to  the  Dioritic 
saDdstone  known  as  the  "  Gres  de  Taviglianay."— Ed.  B.  U.  G^n.] 
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of  the  granite  and  poq)hYTy  so  plentiful  in  the  Swiss  Nagelfluh.  The 
Nagelfluh  alternates  with  the  sandstones  and  marls  of  the  Molasse ; 
thns  proTing,  contrary  to  M.  yon  Buch's  opinion^  the  contempora- 
neity of  the  two  groups, — the  Nagelfluh  being  merely  a  coarse- 
grained sandstone. 

Having  described  these  more  modem  formations,  M.  Escher 
reverts  to  the  rocks  below  the  Lias ;  commencing  with  No.  13,  the 
limestone  with  the  Megalodon  scutatus,  Schaf.,  which  is  known  also 
as  the  *'  Dachstein-bivalve."  This  large  shell  has  been  wrongly  identi- 
fied with  the  Cardium  triquetrum  of  Wulfen.  It  occurs  in  a  whitish 
granular  limestone  in  association  with  Corals. 

The  next  is  the  St,  Cassian  ffroup.  No.  14,  which  has  a  thickness 
of  from  30  to  200  feet,  and  abounds  with  fossils ;  such  as 

Bactryllium  striolatom,  Heer,  Cardita  crenata,  Ool^, 

B.  depJanatum,  Heer.  Cardium  EUiaeticum,  Mer. 

Spiiifer  uncinatoa,  Sehi^,  ATicaU  spedosa,  Mer, 

Ostrea.  A.  Escheri,  Mer, 

Spondylns  obliquus,  Mfkntt,  Genrillia  inflata,  Sehqf, 

Pecten  Falgeri,  Mer,  Natica  alpina,  Mer. 

P.  LugdnnenuB,  Midi,  ?  Oliva  alpioa,  Ki^t, 

It  is  difficult,  however,  to  determine  as  yet  whether  this  group  is 
a  marine  equivalent  of  the  Upper  Keuper  of  Germany,  or  wheuier 
the  Keuper  is  incomplete  in  Germany,  not  possessing  these  deposits 
which  in  the  Alps  occur  between  the  Keuper  and  the  Lower  Lias. 
The  same  may  be  said  of  the  Megalodon-limestone. 

Beneath  the  above-mentioned  rocks  is  Dolomite,  No.  15,  having  a 
thickness  of  1500  feet.  This  forms  the  bare  and  sterile  mountain- 
tops  of  the  Yorarlberg. 

From  the  analvses  made  bv  M.  Landolt  (tables  of  which  are  given 
by  M.  Escher),  it  appears  that,  with  regard  to  the  magnesia,  this 
rock  presents  many  varieties.    At  one  extreme  we  find 

l^A?,  S^K-  «Sr*~^  1  «°d  »t  *e  other  (  f^^^  ^"t'  «f,»«gneM. 
84'47  Carb.  of  hme        J  X  49"89  Carb.  of  lime, 

as  the  constituent  proportions.  The  analyses  made  with  respect  to 
the  stratigraphical  position  of  the  specimens  seem  to  show  that  the 
lower  part  of  the  dolomite  is  more  highly  charged  with  magnesia  than 
the  upper  portion. 

M.  £scher  is  of  opinion  that  there  is  more  than  one  dolomitic 
series ;  since  the  St.  Cassian  group  in  the  Yorarlberg  is  underlaid  by 
dolomite,  whilst  the  same  group  at  St.  Cassian  itself  is  overlaid  by 
dolomite.  There  also  occur  great  bands  of  dolomite  in  the  groups 
Nos.  16  and  17.  Hence  it  is  evident  that  the  succession  of  the 
groups  beneath  the  Lias  is  less  precise  than  that  of  those  above. 

In  the  Bells  Valley,  at  the  Triesnerkulm,  and  the  Col  de  Virgloria, 
the  dolomite  rests  on  a  red  sandstone  and  a  quartzose  conglomerate, 
which  have  long  been  classed  with  the  Grauwack^  but  are  now  in 
the  map  of  Switzerland*  recognized  as  Verrucano.  At  other  places 
the  dolomite  rests  on  Nos.  1 6  and  1 7,  which  evidently  belong  to  the 
Trias. 
'*  Cart«  g^logiqae  de  la  Suisse;  by  MNf.  Studer  and  Bscfaer  v.  d.  linth,  1853. 
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The  Halobia-^chist,  No.  16  (Lettenkohle),  consists  of  black  marl- 
slates,  and  affords  the  following  fossils : — 

Bactrylliam  Schmidii,  Heer.  Ammonites  globoo. 

B.  Merianiiy  Heer,  Halobia  Lommellii,  fFtum. 

It  contains  also  gypsum  (in  the  Rellsthal),  granular  dolomites,  and 
nodules  of  marly  hmestone  enclosing  Pecten^  Cardinia  ?,  and  Me- 
lania  ? 

A  series  of  Quartzose  Sandstones  and  Black  Slates,  No.  1 7,  hardly 
admits  of  separation  from  the  preceding ;  it  appears  even  to  altemate 
with  it;  hence  the  author  is  of  opinion  that  Nos.  16  and  17  maj 
represent  alternations  of  freshwater  and  marine  deposits ;  the  latter 
being  freshwater,  and  No.  16  marine.  This  group  may  be  parallel 
with  the  Letten-kohle  of  the  Keuper :  it  presents  the  following  fos- 
sils:— . 

Eqnisetum  columnare.  Cycadites. 

Pterophyllum  longifolium.  Caiamites  arenaceus. 

P.  Ji^rL 

These,  together  with  its  lithological  characters,  refer  it  to  the  Keuper, 
and  a  fish-tooth,  which  M.  von  Meyer  considers  to  belong  to  a  IVi- 
assic  fish,  supplies  additional  evidence.  This  series  is  developed  in 
the  Rellsthal,  at  Vadans,  the  Triesnerkulm,  Dalaas,  Bludenz,  &c. 

The  Musehelkalky  No.  18,  appears  only  in  the  Lombard  Alps.  It 
is  characterized  by 

Bactryllium  canalicolatum.  Myophoriae. 

Encriiiitea  liliiformis.  Ceratites. 

The  Bunter  Sandstone,  No.  19,  is  seen  at  R^oledo,  where  it  con- 
tains Voltzia  heterophylla,  Bronn,  and  JSthophyllum  speciosum, 
Schim]ier. 

The  Ferrucano  is  very  variable  in  composition.  The  chief  mass 
consists  of  a  conglomerate,  sometimes  fine  and  sometimes  coarse,  of 
pebbles  of  quartz,  often  coloured  by  oxide  of  iron.  In  the  Rellsthal, 
schists  represent  this  series  ;  sometimes  argillaceous,  and  sometimes 
micaceous  schists ;  and  near  Yadans  micaceous  schist  occurs  in  red 
sandstone  (at  Hindelang,  Yordeijoch,  and  Thannheim).  The  red 
sandstone  is  the  oldest  sedimentary  rock  of  the  district. 

The  metamorphic  rocks  are  numerous  in  the  Vorarlberg.  The 
following  are  the  principal  varieties.  Black  slates,  often  found 
beneath  the  great  dolomite.  Talcose  schist  (Rhaeticon,  Valleys  of 
Samnia  and  Gamperton).  Gypsum.  Talcose  rocks  with  garnets, 
similar  to  those  of  Nuffenen.  White  limestones  with  hornblende. 
Dolomite.  Gneiss  (Geisspitz,  &c.).  SpiHte  (between  the  Samnia 
and  Gamperton  Valleys). 

From  the  author's  observations  it  appears  that  in  the  central  part 
of  the  Grisons  the  rocks  have  a  northern  direction,  and  also  in  the 
Paznaun  Valley.  Near  Kappl,  however,  they  appear  to  have  a  west 
direction. 

•  In  conclusion,  it  appears  that  the  Goal-formation,  represented. 
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according  to  M.  Heer,  by  the  anthracite,  extending  in  the  French, 
SaToy,  and  Swiss  Alps  as  far  as  Mont  Todi,  is  not  represented  in  the 
Vorarlberg  and  the  country  to  the  south.  It  re-occurs  in  the  Stang- 
Alp  in  Styria.  It  is  probable  therefore  that,  at  the  period  when  the 
carboniferous  rocks  were  deposited  in  the  districts  where  they  now 
occur,  the  Vorarlberg  formed  an  island,  the  dimensions  of  which  it 
is  difficult  to  determme.  The  researches  of  M.  Escher  are  not 
equally  conclusive  as  to  whether  it  was  land  at  the  Permian  epoch 
and  during  the  commencement  of  the  Trias.  At  the  period  of  the 
formation  of  the  St.  Cassian  beds  and  the  Lias,  however,  the  district 
had  long  been  covered  by  the  sea. 

The  absence  of  strata  more  modem  than  the  Lias  and  Dolomite 
indicates  that  since  the  deposition  of  these  the  surface  has  remained 
uncovered  by  the  sea.  The  terrestrial  area  of  the  period  in  question 
extended  on  the  west  about  as  far  as  where  the  Rhine  now  flows  ;  since 
further  in  that  direction  the  Jurassic  rocks  occur  in  full  development. 
To  the  south  it  extended  to  the  borders  of  Lombardy ;  in  fact,  there 
are  not  found  any  fossils  younger  than  the  Hassic  between  the  central 
Grisons,  the  Lake  Como,  and  the  Valley  of  Camonica.  The  south- 
em  limit  is  difficult  to  fix. 

In  the  western  part  of  Switzerland,  as  far  as  the  Lake  of  Lucerne, 
there  has  been  no  violent  dislocation  between  the  Jurassic  and  the 
Cretaceous  groups,  these  being  parallel  in  their  disposition.  The 
passage  horn  the  Cretaceous  to  the  Eocene  has  also  been  tranquil. 
The  absence  of  Eocene  beds  in  the  Chain  of  the  Vorarlberg  and  the 
Sends  makes  it  appear  that  at  the  Nummulitic  epoch  there  was  in 
this  region  an  archipelago,  the  islands  of  which  were  distributed  in  a 
totally  different  manner  to  the  existing  arrangement  of  the  mountain- 
tops  of  the  region,  observation  having  shown  that  most  of  the  sum- 
mits of  the  highest  limestone-range  of  Switzerland,  from  the  Todi  to 
the  Wildhora,  are  formed  of  nummulitic  rock. 

Between  the  deposition  of  the  Flysch  and  that  of  the  Molasse 
there  was  a  dbturbance  of  the  surface  which  converted  the  chain  of 
the  Alps  into  a  continental  region ;  a  condition  which  prevented  the 
Molasse  from  being  deposited  in  the  interior  of  the  Chain  ;  this  fact 
was  recognized  long  ago.  Lastly,  the  most  recent,  and  perhaps  one 
of  the  greatest  of  the  revolutions  that  have  affected  this  region,  is 
that  which  took  place  after  the  deposition  of  the  Upper  Freshwater 
Molasse  (which  is  upraised  at  Saint-Gall,  on  the  borders  of  the  Lake 
of  Zurich,  and  at  the  Schnebelhorn),  and  before  the  formation  of 
the  Lignites  of  Uznach,  Duraten,  and  Aix-en-Savoie.  If,  however, 
M.  C.  Meyer,  by  his  researches,  definitely  classes  the  Marine  Mo- 
lasse as  Miocene,  and  connects  it  on  one  side  with  the  Molasse  of 
the  South  of  France,  and  on  the  other  with  the  tertiary  Vienna  basin, 
there  still  remains  some  doubt  as  to  the  exact  age  of  the  Upper 
Freshwater  Molasse,  which  has  a  thickness  of  not  less  than  1000 
feet. 

The  mammalian  remains  found  in  the  three  stages  of  the  Molasse 
do  not  denote  any  difference  of  age  ;  and  the  researches  of  M.  Heer 
indicate  such  minute  differences,  that  he  is  disposed  to  regard  the 


Digitized  by 


Google 


22  GEOLOGICAL  MEMOIRS. 

CEniogen  deposito  (saperposed  on  the  Upper  Freshwater  Molaase) 
as  belonging  to  the  Miocene  period.  It  results  then  that  the  greatest 
disturbance  affecting  the  Swiss  and  Yorarlbeig  region  has  taken 
place  between  the  Miocene  and  the  Drift  periods. 

M.  Escher  adds  a  Supplement  relative  to  his  researches  on  the 
Trias  in  Northern  Lomoardy  ;  and  supplies  detailed  sections  of 
several  localities  on  the  borders  of  Lake  Como,  in  the  Val  Brem- 
bans,  Val  Trompia,  &c. 

M.  Beer's  description  of  Plants  and  Insects  of  the  Trias  and  lias, 
illastrative  of  M.  Escher's  researches,  follows. 

The  work  is  furnished  with  valuable  Tables  of  the  fossils  of  the 
Lias, — of  the  geological  formations  in  the  Vorarlberg  and  in  Lorn- 
bardv;  showing  the  collated  observations  of  Emmerich,  Schafhautl, 
von  Hauer,  Escher,  &c.,— of  the  distribution  of  the  fossUs  in  the 
St.  Cassian  beds  of  different  localities,  &c. ;  and  it  is  illustrated  with 
eight  4to  Lithograph  Plates  of  the  fossils  of  the  Lias,  the  St.  Cassian 
beds,  Muschelkalk,  Keuper,  and  Bunter-Sandstone,  and  with  two 
large  plates  of  Sections,  besides  several  woodcut  diagrams  in  the  text. 

[T.R.J.] 

On  the  Cephalopoda  of  the  Hallstatt  beds. 
By  F.  R.  VON  Hauer. 

[Proceedings  of  tke  Imperial  Academj  of  Scienoes  of  Vieima,  Dec.  7, 1854.] 
M.  VON  Hauer  described  17  new  species  of  Cephalopods,  viz.  14 
Jmmomte$i  2  Nautili^  and  1  Orthoceras.  These  were  for  the  most 
part  discovered  bv  Dr.  Fischer^  of  Munich,  in  the  environs  of  Aussee 
m  Northern  Stjna;  and  increase  the  number  of  Ammonites  pre- 
viously known  as  belonging  to  these  strata  bj  nearly  one-half. 

None  of  the  species  at  present  known  beyond  tne  Alpine  Range 
are  found  amongst  the  numerous  specimens  collected  by  Dr.  Fischer ; 
nor  is  this  surprising,  since  the  results  of  recent  investigations 
entitle  us  to  consider  the  Hallstatt  beds  to  be  an  upper  Triassic 
deposit,  wanting  beyond  the  Alps^ — or  perhaps  represented  else- 
where by  the  E^uper,  which  is  so  poor  in  marine  fossils,  and  espe- 
cially destitute  (as  far  as  our  present  information  goes)  of  Cepha- 
lopods. 

The  features  of  this  Cephalopod-fauna  of  the  Hallstatt  beds  corre- 
spond exactly  with  the  ecological  position  assigned  to  them.  It 
forms  a  connecting  link  oetween  the  faunas  of  the  Secondary  and 
Palaeozoic  periods,  including  genera  known  to  belong  to  the  most 
ancient  deposits,  as  for  instance,  Orthoeeras,  completely  evolute 
NautiUt  and  Ammonites  with  smooth  lobes  and  Sfuidles,  together 
with  Ammonites  of  the  arietes,  heterophylli,  and  ceratita  families, 
exhibiting  an  evidently  Jurassic  type. 

The  Hallstatt  beds  have  also  afforded  two  Corals  (described  by 
Prof.  Reuss,  in  connexion  with  M.  von  Hauer^s  memoir) ;  one  of 
them  belonging  to  the  genus  Isastnea ;  the  other  being  a  Ftetcherioj 
a  genus  which  has  been  thought  until  now  to  be  peculiar  to  the  Si- 
lurian strata.  [Count  Marschall.] 
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On  the  Gasteropoda  and  Acephala  of  the  Sandling  Marble. 
By  Dr.  M.  H5rnes. 

[Proceedings  of  the  Imperial  Academy  of  Sciences,  February  15, 1855.] 

This  is  a  notice  bj  M.  Homes  on  the  Gasteropoda  and  Acephala 
discovered  in  the  Marble  beds  of  Sandling,  near  Anssee,  by  Dr.  Fis- 
cher, Physician  to  the  Duke  Maximilian  of  Bavaria.  The  Cephalo- 
poda occurring  in  the  analogous  strata  of  Hallstatt  have  been  described 
by  M.  von  Hauer*,  the  Corals  by  M.  Reussf,  and  the  Brachiopods 
by  M.  Suess^.  The  other  molluscs  of  this  Fauna,  however,  were  but 
very  little  known  before  Dr.  Fischer  had  recently  succeeded  in  ex- 
tracting from  this  hard  marble  30  species  of  molluscs,  nearly  all 
previously  undescribed,  and  one  of  them  being  the  type  of  a  new 
genus,  named  Platyetoma  by  Homes. 

The  fauna  of  this  group,  comprising  aliont  70  species  of  Cepha- 
lopods  (among  them  are  some  of  gigantic  size),  bears  a  peculiar 
fades,  quite  distinct  from  that  of  any  extra- Alpine  European  deposit. 
Some  torms  resemble  pakeozoic  types,  whilst  others  exhibit  a  de- 
cidedly Jurassic  character.  The  Hallstatt  and  Sandling  limestones 
E resent  a  distant  resemblance  to  the  St.  Cassian  series,  and,  like  the 
itter,  may  be  supposed  to  be  a  local  deposit  confined  to  the  Alpine 
district.  [(/OTJnt  Marschall.] 


On  the  intimate  Strtjcture  of  Minerals,  ae  exhibited  by  the 
action  of  Hydrofluoric  Acid.     By  Prof.  Leydolt. 

[Proceedings  of  the  Imperial  Geological  Inatitmte  of  Vienna,  December  12, 1854.] 

In  this  communication  Prof.  Leydolt  gave  an  explanation  of  the 
method  which  he  had  invented  to  demonstrate  the  intimate  structure 
and  composition  of  crystallized  and  non-crystallized  inorganic  sub- 
stances by  submitting  them  to  the  corrosive  action  of  diluted  Hydro- 
fluoric Acid  ;  the  pknes  and  cavities  produced  by  the  action  of  this 
menstraum  on  the  surface  of  the  substances  submitted  to  it  being 
immediately  connected  with  the  crystallographic  system  to  which 
they  belong,  and  with  the  position  of  the  axis. 

Prof.  Leydolt  exhibited  several  varieties  of  Rhombohedric  Quartz 
treated  in  this  manner.  Complete  crystals  of  this  mineral,  which 
had  been  exposed  to  the  action  of  the  acid,  show  on  the  edges  of 
their  hexagonal  pyramids  small  planes,  situated  sometimes  on  their 
left,  and  sometimes  on  their  rieht  side.  These  planes,  produced  on 
plates  cut  perpendicularly  to  the  crystaUographic  axis,  may  be  sub- 
servient to  the  recognition  whether  any  crystal  of  quartz  is  a  binary 
combination  of  two  individuals  turning  right  or  left,  even  when  no 
difference  is  to  be  discovered  by  investigation  of  the  optical  phseno- 
mena.  Prof.  Leydolt  has  applied  to  the  etched  surfaces  produced 
by  his  mode  of  operating  the  method  invented  by  Sir  David  Brewster 

*  See  above,  p.  22.  f  Ibid. 

t  See  the  Anniversary  Address,  in  this  No.,  p.  bm. 
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to  reproduce  the  interferential  colours  of  mother-of-pearl,  of  Barton's 
"Iris-button/'  &c.  By  covering  the  etched  surfaces  with  a  thin 
layer  of  isinglass,  he  obtains  impressions  fit  for  microscopical  exami- 
nation, both  by  transmitted  and  by  reflected  light.  Similar  impresr 
sions  taken  on  the  etched  surfaces  of  arragonite,  iron-pyrites,  and 
other  minerals  were  also  exhibited.  [Count  Marsch  all.] 


On  Tertiary  Fosbils /rom  Belgrade.     By  Dr.  M.  Uornes. 

[Proceedings  of  the  Imp.  Geol.  Instit.  Vienna,  December  12, 1854.] 

A  SUITE  of  fossils  and  rock-specimens  forwarded  by  Prof.  Pancic 
from  the  environs  of  Belgrade  were  found  by  M.  Hdmes  to  agree 
with  the  organic  remains  and  mineral  deposits  of  the  Vienna  basin. 
M.  Homes  thinks  the  arenaceous  clays  near  Radowitza,  south  of 
Belgrade,  to  be  equivalent  to  the  tertiary  strata  of  Baden  near 
Vienna,  or  to  those  of  Lapugy  in  Transylvania.  The  deposits  of 
Tasmajdan,  Knezevac,  and  Yischnitza  were  regarded  as  belonging  to 
the  Leitha-Umestone  ;  and  those  of  Mokrilug  and  Belabc^a,  together 
with  the  hill  on  which  the  fortress  of  Belgrade  is  built,  were  referred 
to  the  Cerithium-beds. 

Notwithstanding  the  geological  information  on  the  environs  of 
Belgrade  resulting  from  the  researches  of  MM.  Bou^  and  Viquesnel, 
a  more  complete  knowledge  of  the  probably  abundant  fossil  fauna  of 
the  district  is  highly  desirable.  The  late  M.  Fuchs  forwarded  to 
M.  Partsch  a  drawmg  of  a  Caprtna,  which  goes  to  confirm  M. 
Viquesnel's  statement  that  Belgrade  is  situated  at  the  foot  of  a 
cretaceous  range  surrounded  by  tertiary  deposits. 

[Count  Marschall.] 


On  Clinochlore  and  Mica.     By  Col.  N.  von  Kokscharov. 

[M.  Haidinger's  Report,  Imp.  Geol.  Instit.  Vienna,  November  7, 1854.] 

The  name  "  Clinochlore"  has  been  given  by  Mr.  Blake  to  a  mineral 
species  from  Westchester,  Pennsylvania,  which  exhibits  two  optical 
axes.  Lieut.-Col.  Kokscharov,  by  carefully  measuring  the  angles  of 
the  crystals  in  the  variety  irom  Achmatowsk  (Bipidoute  of  Kobell, 
Chlorite  of  G.  Rose),  found  these  angles  in  concordance  with  the 
optical  pheenomena  observed  in  this  mineral. 

M.  Kokscharov  also,  by  exactly  measuring  the  angles  of  complete 
crystals  of  Mica,  brought  from  Mount  Vesuvius  by  M.  Abich,  has 
proved  their  forms  to  belong  really  to  the  Orthotypic  System  (as 
M.  de  Senarmont  had  supposed),  although  they  bear  the  character 
of  Macrodomous  Orthotypes  generally  occurring  among  augitic 
crystals.  [Count  Marschall.] 
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On  the  Brachiopoda  of  the  Kossen  Strata  in  the  Tyrol.     By 
Edward  Suess,  Assistant  in  the  I.  R.  Museum  of  Minendogj. 

[Denkschrift.  Kais.  Akad.  Wissensch.  Mat.  Nat.  CI.  vol.  viL  part  2,  pp.  29-65, 
with  4  lith.  plates*.] 

My  object  in  this  Memoir,  which  investigates  the  mode,  of  appear- 
ance of  a  special  animal  group  in  certain  strata  of  our  mountain 
ranges,  is  firstly  to  make  a  paLseontological  comparison  and  paral- 
leUsm  between  these  strata  and  foreign  localities, — then  to  describe 
the  peculiar  forms  of  Brachiopods  that  are  met  with  in  these  par- 
ticukr  deposits. 

The  generality  of  our  public,  especially  the  palaeontologists,  are 
but  imperfectly  aware  of  the  geological  constitution  of  our  Alps. 
The  strata  caUed  here  "inferior  lias'*  are  in  many  points  very 
different  from  their  homonyms  in  England  or  Suabia. 

I  think  the  explanation  of  the  term  "Koeeeen  Strata  "  will  be  the 
best  introduction  to  this  Memoir.  Although  this  term  is  adopted 
by  the  generality  of  our  Austrian  geologists,  and  notwithstanding  we 
may  in  a  short  time  expect  to  see  these  strata  and  their  relations 
illustrated  by  our  excellent  geologist,  Fr.  von  Hauerf,  it  will  not  be 
out  of  place  here  to  give  a  general  view  of  the  geographical  exten- 
sion of  these  strata  and  to  explain  the  evidence  of  this  group  being 
a  member  of  the  inferior  lias  and  not  of  the  muschelkalk.  We 
may  assert  these  cbnclusions  to  be,  in  the  first  place,  due  to  palseonto- 
logical  researches ;  and,  their  residts  having  been  confirmed  by  recent 
geognostical  investigations,  the  group  may  be  regarded  as  occupying 
a  well-determined  position  in  the  geologic  series. 

When  Austrian  geologists  began  to  give  names  to  peculiar  strata  in 
order  to  establish  a  terminology  independent  of  the  changes  or  con- 
flicts of  theoretical  views,  the  name  of  "  Koessen  Strata*'  was  applied 
to  black  or  dark-grey  limestones,  often  marly  or  interstratifiea  with 

*  See  also  '  Sitznngs-berichte  d.  mat.  nat.  Classe  d.  Kais.  Akad.  d.  Wiss./ 
March  1853,  vol.  x.  p.  283;  Escher  von  der  Lith,  on  the  Vorarlberg,  M^m.  Soc. 
Helv.  vol.  xiii.,  and  Quart.  Joum.  Geol.  Soc.  No.  42,  MiscelL  p.  16 ;  P.  von  Haner, 
on  the  Hallstatt  Cephalopoda,  ibid.  p.  22 ;  M.  Homes  on  the  Sandling  fossils, 
ilnd.  p.  23. 

t  See  Jahrb.  K.  K.  Geol  Reichsanst.  1853,  pp.  715,  &c. 
VOL.  XI. — part  II.  D 


Digitized  by 


Google 


26  GEOLOGICAL  MEMOIRS. 

marly  and  difFering  from  the  much  deeper  black  limestones  of  the 
variegated  sandstone  (now  called  "  Guttenstein  Strata"  by  Fr.  Yon 
Hauer)  by  their  want  of  lamination,  and  by  the  abundance  of  fossils, 
especially  of  Brachiopods  and  other  Biyalves,  contained  in  them. 
Hence  the  name  of  "  Koessen  Strata'*  was  applied  to  the  Gerrillia- 
and  Ayicula-Umestone  near  Bad  Kreuth,  described  by  Von  Bach 
(Abhandl.  d.  Bertin.  Akad  1827,  p.  82),  to  the  lias  hmestone  of  the 
Mertlbach  (Gaisau)  as  represented  by  Messrs.  Sedgwick,  Murchison, 
and  Lill  de  Lilienbach  in  the  last  author's  second  section,  and  espe- 
cially to  the  whole  formation  called  Gervillia-strata  by  MM.  Emmrich 
and  Schafhautl. 

The  comparison  of  the  numerous  fossils  soon  proved  these  Koes- 
sen beds  to  be  part  of  the  lias;  and  subsequent  palseontological  re- 
searches introduced  a  great  change  in  the  limits  originally  assigned 
to  the  above  term.  Rocks,  apparently  quite  similar  as  to  their  ex- 
terior an>ect,  were  shut  out  on  account  of  their  aberrant  palseonto- 
logical  character,  and  others,  of  completely  different  pettographical 
character,  but  concordant  by  their  fossil  contents,  were  comprised 
in  the  Koessen  group.  I  will  now  attempt  a  brief  sketch  of  the 
separate  members  of  the  group  :  the  study  of  the  whole  cannot  fail  to 
show  that  an  exact  investigation  of  fossils  is  only  the  sure  foundation 
for  a  correct  knowledge  of  our  calcareous  Alps. 

I.  Koessen  Strata,  properly  so  called. 

Synonyms  : — Upper  St.  Cassian,  t^  Escher  and  Merian ;  Gervillia 
Limestones,  Emmrich;  Gervillia  Limestones  and  Slates  of  the 
Whetstone  Formation,  Schafhautl. 

These  strata  are  generally  black,  aod  differ,  by  the  characters  above 
mentioned,  from  the  Guttenstein  strata  which  belong  to  the  muscheU 
kalk.  Other  similar  black  limestones,  containing  Brachiopods  of 
the  upper  lias  (Hierlatz  strata),  e.  ff,  those  of  the  Stambachgraben 
near  Goisera,  must  be  carefully  separated  from  them. 

The  genuine  liassic  Brachiopods  contained  in  these  strata  are, — 
Spirifer  rostratus,  Schloth.,  Sp.  Muensteri,  Dav.,  Terebratula  ear- 
nuta,  Sow.,  and  Rkynchonella  obtusi/rons,  Sss.  Of  other  genera  I 
quote  for  the  most  part  on  Yon  Hauer's  authority, — Nucula  com- 
planata,  PhiU.,  Pinna  folium,  Toung  and  Bird,  lAma  gigantea.  Sow., 
Pecten  liasinus,  Nyst. 

According  to  M.  Stur's  investigation,  these  strata  near  Schloss 
Enzesfeld  are  in  close  connexion  with  a  yellowish-brown  limestone, 
containing,  together  with  the  same  species  of  Brachiopods,  a  notable 
number  of  lower  liassic  remains  of  genera  rarely  met  with  elsewhere 
in  the  Koessen  strata.  Such  are,  as  Von  Hauer  kindly  commu- 
nicated to  me.  Ammonites  bisulcatus,  Brug.,  Amm,  obliquicostatvs, 
ZieC,  Amm,  Kridion,  Hehl.,  Amm,  Moreanus,  d'Orb.,  and  Plewro- 
tomaria  expansa,  Goldf. 

The  numerous  localities  which  afford  the  above-mentioned  Bra- 
chiopods are  sufficient  to  point  out  the  extraordinary  geographical 
range  of  these  strata.    Without  reckoning  the  localities  recently  dia- 
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covered  in  Switzerland  as  far  as  the  neighbourhood  of  the  lake  of 
Genera,  the  closer  investigation  of  which  is  of  the  greatest  interest, 
we  are  quite  warranted  in  tracing  the  Koessen  strata  from  the 
Brandner  Femer  on  the  frontier  of  Vorarlbei^  to  the  immediate 
vicinity  of  Vienna.  They  extend  undoubtedly  from  27°  to  34°  long, 
along  the  northern  dedivity  of  the  Alps,  the  line  joining  the  most 
distant  known  localities  being  above  1 00  geographical  miles  in  length. 

The  localities  where  the  Brachiopods  nave  been  found  are  distri- 
buted in  the  following  manner.  The  most  eastern  are  close  to  the 
great  break  in  the  Alpine  accessory  zone  between  Vienna  and  Glogg- 
nitz  (Gumpolts  Kirchen,  Helenathal  and  Siegenfeld  near  Baden, 
Hirtenberg,  and  Enzesfeld) ;  there  are  others  more  to  the  west  near 
Hamstein,  and  the  richest  are  in  the  upper  valley  of  the  Piesting,  as 
far  as  the  Klosterthal  (Walleg,  Oed,  Mandlinger  Wand,  Kitzberg  near 
Pemitz,  Frohberg  near  Weidmansfeld).  To  the  northward  there 
are  some  in  the  environs  of  Kleinzell  (near  the  Unterer  Hebenbauer), 
and  to  the  southward  at  the  Fadner-Kosel  near  Buchberg ;  westward, 
at  the  Tumitzer  Hdgerkogel,  and  also  m  the  environs  of  Mana-zell 
(Grash  m  the  Hallthal,  Burger- Alpe).  As  Von  Hauer  observes,  the 
above-named  localities  are  limited  northward  by  the  curved  tract  of 
variegated  sandstone  which  marks  the  rupture  of  the  extreme  northern 
wave  of  elevation  (Aufstauungs-Welle).  M.  Czjzek  found  them  only 
at  one  place  in  the  region  of  the  variegated  sandstone,  viz.,  at  BaU 
terbash  near  Frankenfels.  The  Koessen  strata  on  the  northern  de- 
clivity of  the  Alps  are  divided  into  an  eastern  and  a  western  region  by 
the  advance  of  the  variegated  sandstone,  frt)m  which  they  are  almost 
entirely  excluded  nearly  as  far  as  the  central  Alpine  mass.  After  all,  I 
do  not  think  such  limitation  of  any  particular  importance,  as  it  could 
possibly  have  originated  subsequently  to  the  deposit  of  these  rocks  and 
on  account  of  the  position  of  the  central  axis ;  and  the  more  so,  since 
no  striking  pakeontological  or  petrographical  difference  has  been 
pointed  out  between  the  eastern  and  the  western  portion. 

As  all  the  above-quoted  localities  are  at  a  considerable  distance 
from  the  central  mass,  we  may  conclude  that  the  Koessen  strata  are 
wanting  in  the  mountain  masses  which  in  the  Valley  of  the  Enns 
form  the  great  fracture  accompanying  the  crystalline  rocks.  They 
are  not  met  with  near  the  mass  of  the  Dacfastein,  nor  probably  in 
any  of  the  mountains  of  the  vicinity  (Sarstein,  Grimming,  &c.). 
Generally  the  localities  are  very  much  scattered  in  this  portion  of  the 
Alps ;  and  are  just  sufficient  to  point  out  the  connexion  of  the  richest 
extreme  eastern  and  western  localities  along  the  northern  declivity. 

Brachiopods  characteristic  of  the  Koessen  strata  are  found  at  the 
Schaf  berg  (between  the  Vonmauer  and  the  Munchen-See),near  Aussee 
(Scheibenweisenweff  to  the  Moosberg),  near  Salzburg  (Schobergraben 
near  Adneth,  Menbach  near  Gaisau),  and  at  the  Baukeugraben 
(Steier). 

The  environs  of  Unken  and  Loper,  so  diligently  investigated  by 
MM.  Emmrich  and  Peters,  exhibit  Koessen  strata  at  several  places; 
and  further  west  lies  Koessen,  the  typical  locality.  The  exact  place 
is  in  the  Klamm  between  Koessen  and  Beit,  on  the  Austrio-Ba- 

D  2 


Digitized  by 


Google 


28  GEOLOGICAL  MEMOIRS. 

variaji  frontier.  The  researches  of  MM.  Emmrich  and  Schafhaatl, 
and  a  collection  from  this  country  kindly  communicated«to  me  by 
M.  Schlagintweit"^,  prove  that  these  strata  exist  around  Woessen  and 
Hochfellen  (north  and  north-eastof  Koessen),  also  at  the  Wendelstein, 
near  the  mineral  bath  of  Kreut,  near  the  Gruberalpe  at  the  Salzberg 
(tou  Buch),  at  the  foot  of  the  Kobe  Kramer  and  of  the  Zugspitz, 
at  the  Wetterstein,  and  in  the  Leuctasch  valley.  MM.  Emmrich 
and  Schafhautl  have  published  several  notices  of  these  localities. 

From  these  points  a  considerable  number  of  localities  extend 
through  Tirol,  Yorarlberg,  and  the  canton  of  Grison;  in  some  of  them 
MM.  Escber  von  der  lantb  and  P.  Merian  have  recently  found 
the  same  fossils  as  those  which  are  regarded  as  the  most  characteristic 
of  the  Koessen  strata  around  Vienna.  These  well-ascertained  localities 
are  connected  by  others,  where  isolated  fossils  have  been  found,  but 
which  I  do  not  mention  here,  as  the  above  enumeration  is  quite 
sufficient  to  prove  the  continuity  of  the  whole  line.  The  rich 
localities  in  the  Vorarlberg  and  in  the  valley  of  the  Lech  may 
undoubtedly  find  their  proper  place  among  tins  series ;  so  that  the 
Koessen  strata  may  be  considered  as  a  formation  extending  from 
west  to  east  between  the  Brandner  Femer  and  Gumpoltskirchen  near 
Vienna. 

We  know  far  less  about  the  southern  declivity  of  the  Alps ;  but 
the  Dachstein  limestone,  which  also  belongs  to  the  Koessen  group 
and  plays  so  important  a  part  in  the  central  chain,  being  highly 
developed  there,  we  may  expect  that  the  continued  researches  of  ths 
Imperial  Geological  Institute  will  there  discover  still  more  distinct 
traces  of  the  Koessen  strata. 

The  Museum  at  Innsbruck  contains  fossils,  collected  between  the 
Rauchkofel  and  Lienz,  which  are  considered  by  M.  von  Hauer  to 
belong  to  the  Koessen  series ;  similar  fossils  are  also  said  to  have  ht&k 
found  by  MM.  Escber  and  Merian  in  the  environs  of  the  Lake  of 
Como  in  the  Val  Brembana,  Val  Seriana  and  Val  Trompia,  and  they 
may  be  supposed  to  exist  too  in  the  Val  di  Amone  near  Roveredo. 
Dr.  Lavissaro  communicated  to  the  Imperial  Geological  Institute  a 
series  of  silicified  fossils,  imbedded  in  a  dark  grey  siliceous  limestone ; 
among  these  were  Spirifer  rostratus,  8p.  Mttensteri,  and  an  undeter- 
minable RhynchoneUa ;  Spirifer  rostratns  is  found  at  Tremona  in 
a  black  marly  limestone  (Studer,  Geolog.  d.  Schweitz,  vol.  i.  p.  481). 
The  Lyceum  of  Bergamo  abo  has  communicated  a  fossil  not  distill 

Sishable  from  Gervillia  inflata^  from  the  black  limestone  of  Monte 
isma. 

II.  Starhemberg  Strata  and  Dachstein  Limestone. 

The  Starhemberg  Strata  consist  of  yellowish  or  reddish  limestone^ 
intercalated  as  thin  layers  in  the  Dachstein  limestone.  Their  finuna 
is  quite  identical  with  that  of  the  Koessen  Strata ;  only  two  or  three 
very  rare  species  are  known  which  have  not  yet  been  found  abo 
in  the  latter  formation.      The  Brachiopods  appear  in  very  great 

*  See  Quart.  Joarn.  Geol.  Soc.  vol.  x.  p.  348. 
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numbers,  but,  some  Rhyriehonella  excepted,  only  as  single  shells ;  so 
that  their  determination  is  extremely  difficult.  This  circumstance 
and  the  appearance  of  the  rock  in  the  form  of  thin  and  often- 
repeated  layers  in  the  massive  Dachstein  limestone  justifies  the 
opinion,  that  the  Starhemberg  Strata  have  been  formed  of  loose 
materiids  carried  by  partial  currents  from  a  coast  abounding  in  shells 
into  the  open  sea.  Nevertheless  a  more  careful  inquiry  shows  some^ 
times  extensive  local  beds  of  a  star-coral,  also  met  with  in  the  Koessen 
strata,  which  form  the  lower  limit  of  one  of  the  intercalated  Star- 
hemberg beds.  This  pheenomenon  is  particularly  evident  at  the 
typical  locality  in  the  Piesting  valley,  in  front  of  the  castle  of 
Starhemberg,  westward  of  Piestiug;  so  the  Starhemberg  strata 
might  perhaps  be  considered  more  correctly  as  "  colonies ''  be- 
longing to  the  Koessen  strata.  Few  localities,  and  these  very  di- 
stant from  each  other,  are  known  at  present ;  yet  their  petrographical 
and  palseontological  characters  are  very  constant.  The  most  eastern 
are  near  Hirtenberg  and  around  Piesting  (south  and  westward,  at 
Salzmann's,  near  the  cottage  called  Teufel,  in  front  of  Starhem- 
berg, &c.).  They  occur  to  the  westward  near  Tonion  in  the  Murz 
valley ;  then,  after  a  long  interval,  near  the  Grimming  in  the  Enns 
valley,  and  finally  at  Eirchholz  near  Adneth.  They  are  abo  to  be 
met,  but  without  any  fossils,  on  some  intermediate  places,  e.  ff.  in 
the  Dachstein  Mountains.  Perhaps  we  know  so  little  at  present 
about  these  certainlv  extensive  strata  only  because,  owing  to  their 
position  in  the  Dachstein  limestone,  the  places  where  they  come  to 
the  surface  are  situated  on  inaccessible  cliffs. 

The  Dachstein  limestone  (Megalodus  limestone  of  Schafhautl  and 
Escher)  having,  with  only  one  and  that  not  yet  well-determined  ex- 
ception, Aimiwed  no  Brachiopods,  I  shall  only  briefly  refer  to  it.  It 
is  known  to  form  a  very  important  portion  of  our  mountain-masses, 
and  to  extend,  together  with  the  Koessen  strata,  from  the  western 
frontier  of  Yorarlberg  to  the  vicinity  of  Vienna.  It  is  recognized 
at  many  localities  in  the  southern  Alps,  e.  g.  the  valley  of  the  Adige 
near  Trient,  where  it  appears  most  distinctly. 

We  do  not  confine  the  denomination  of  Dachstein  limestone  to  the 
upper  strata,  containing  the  Dachstein  bivalve ;  on  the  contrary,  we 
extend  it  to  the  whole  mass  of  white,  yellowish,  or  greyish  limestones 
occupying  sometimes  the  whole  interval  from  the  uppermost  members 
of  the  trias  up  to  the  upper  lias,  and  exhibiting  in  their  fosnliferous 
intercalated  layers  a  fauna  agreeing  with  that  of  the  Koessen  strata. 
In  the  Dachstein  Mountains,  the  whole  group  forming  the  subject  of 
this  memoir  is  exclusively  represented  by  the  Dachstein  limestone 
and  its  intercalated  beds. 

Some  of  these  intercalated  layers  offer  particularities  singular 
enough  to  deserve  a  detailed. exposition.  Tnose  containing  j^y»- 
chonella  pedata  are  the  most  apparent  among  them.  A  series  of 
localities,  extending  from  the  Hohewand  near  Wiener-Neustadt  to 
the  Tannerkopf  and  the  Konigsbach  Alpe  in  Bavaria,  have  acquainted 
us  with  strata  which,  although  very  variable  in  their  petrographical 
aspect,  are  connected  by  a  singular  particularity,  containing,  as  far 


Digitized  by 


Google 


30  GEOLOGICAL  MEMOIRS. 

as  they  are  at  present  known,  no  other  fossil  hut  Rhynchonella  pe- 
data,  often  m  such  numbers  that  it  forms  the  principal  mass  of  the 
rock. 

The  position  of  these  strata  is  not  yet  satisfactorily  investigated  : 
as  they  appear  at  the  Werflinger  Wand  in  the  midst  of  the  Dach- 
stein  limestone  district,  we  may  provisionally  place  them  among  the 
lias.  They  are  of  a  bluish  grey  at  the  Hohe  Wand, — ^white  and  yel- 
lowish near  both  Lahngang  Lakes, — generally  black,  and  the  Rhyn- 
ehonelUe  in  them  frequently  silicified,  near  Aussee ;  near  Hallstadt 
they  appear  of  a  greyish- wmte  colour  and  are  interrupted  with  brick- 
red  and  yellow  layers. 

The  so-called  Lithodendron  limestones  are  white,  and  do  not  seem 
to  be  separated  from  the  including  Dachstein-Umestone  by  any 
striking  petrographical  character,  so  that  in  future  they  may  be 
united  with  it  under  the  designation  of  fossiliferous  layers.  They  are 
still  unknown  in  the  eastern  portion  of  our  Alps,  and  the  only  locar 
lities  for  them  with  us  are  the  western  slope  of  the  Loser  near 
Aussee,  and  the  Weisse  Wand  near  Unken.  The  only  Brachiopods 
they  contain  are  Spirifer  Muensteri,  at  both  localities,  and  with  it 
BJiyncJumeUa  comigera  at  Unken ;  besides  these,  they  contain  also 
Plicatula  inttustriata  and  a  Pec  ten,  which  seems  to  be  met  with 
also  in  the  Koessen  strata.  According  to  M.  Peters's  investigations, 
the  black  Koessen  strata  near  Unken  and  Lofer  underUethe  limestone 
with  Megalodan  triqueter,  as  they  do  in  Yorarlberg,  and  this  white 
limestone  itself  includes  the  Lithodendron  strata;  so  that  these  three 
formations  must  necessarily  be  combined  in  one  principal  group. 
Other  localities  are  mentioned  in  the  Bavarian  Yoralpen ;  M.  Schaf- 
hautVs  white  oohtic  limestones  with  Rhyneh,  comigera  (Leonh.  u. 
Bronn's  Jahrbuch,  1853,  p.  299)  may  possibly  find  their  place 
among  them.  All  the  observations  at  present  known  agree  in  their 
having  been  constantly  seen  at  a  lower  horizon  than  the  black 
Koessen  strata. 

Certain  strata  discovered  by  M.  Emmrich  near  Unken,  and  sub- 
sequently investigated  by  M.  Peters,  but  not  yet  sufficiently  deared  up 
as  to  their  stratigraphical  relations,  show  similar  phsenomena ;  they 
consist  of  white,  yellowish,  or  reddish  limestones  quite  filled  wit& 
several  species  of  Avicula,  which  are  elsewhere  found  in  the  Koessen 
strata  ^d  sometimes  frequent  in  the  lias  of  other  countries. 

These  strata  deserve  the  particular  attention  of  ^ture  observers, 
as  their  more  complete  investigation  may  prove  useful  in  solving 
several  still  undecided  questions.  M.  Lipoid  has  brought  fVom  the 
Gois-  or  Sehober-graben,  in  the  Wie^tkai  near  Adneth  (one  of  the 
richest  localities  for  Koessen  fossils),  some  black  and  very  bituminous 
slates,  containing  remains  of  fishes,  and  a  large  quantity  of  one  of 
these  JfncuUe,  viz.  Jvicula  contarta,  Portl.  Subsequent  observa- 
tions must  show  how  far  these  strata  are  connected  with  the  well- 
known  fish-slates  of  Seefeld.  M.  Schafhautl  and  the  Tyrol  geologists 
have  placed  these  bituminous  slates  among  formations  whidi  we  can 
only  recognize  as  the  equivalents  of  the  Koessen  strata. 

The  Koessen,  Starhemberg,  and  Lithodendron  or  Avicula  strata. 
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although  very  different  m  petrographical  character^  are  connected  with 
each  other  hy  their  fossils ;  their  peculiar  faunas  hemg  hut  special 
modifications  of  the  richer  one  in  the  Koessen  strata,  which  embraces 
nearly  all  the  species  of  the  others.  Two  abnormal  members,  viz. 
the  Dachstein  timestone  and  the  strata  with  RhynchoneUa  pedata,  are 
connected  stratigraphically  with  the  above-mentioned  paleeontologi- 
cally  united  group.  The  peculiar  stratigraphical  relations  produced 
by  the  intimate  connexion  of  all  these  subdivisions  must  be  carefully 
examined.  If  e,  g.  the  black  Koessen  strata  be  said  to  be  a  for- 
mation extending  from  the  Brandner  Ferner  to  Gumpoltskirchen,  this 
assertion  does  not  imply  that  aU  the  points  belong  reidly  to  one  and  the 
same  Ime.  M.  Peters  mentions  these  beds  as  occurring  near  Unken 
and  Lofer  between  two  limestones,  both,  of  which  ought  to  be  placed 
with  the  Dachstein  limestone ;  nor  is  this  surprising  after  what  is 
known  concerning  the  fauna  of  the  Starhemberg  strata ;  the  farther 
solution  of  these  questions  must  be  left  to  geological  investigations 
of  the  localities. 

The  whole  series  of  these  strata  lies  upon  the  Hallstatt  strata,  which 
contain  the  fossils  of  St.  Cassian  and  belong  to  the  Upper  Mus- 
chelkalk;  it  is  covered  by  strata  containing,  in  some  rare  cases, 
fossils  of  the  upper  lias,  and  having  so  few  species  identical  with 
those  of  the  immediately  overlying  strata,  and  generally  so  different 
from  them  by  the  appearance  of  a  rich  fauna  of  Cephalopods  and 
Gasteropods,  that  we  are  warranted  in  considering  them  as  the  supe- 
rior portions  of  the  lias  formation.  Nor  is  there  any  doubt  of  the 
age  of  this  group  of  strata,  with  respect  to  their  stratigraphical  relation. 
If  we  ind^  admit  this  group,  in  which  the  Dachstem  hmestone 
alone  has  frequently  a  thickness  of  several  thousand  feet,  to  be  an 
equivalent  of  the  lower  lias,  we  must  own  that  such  a  development 
of  a  subordinate  division  in  the  secondary  rocks  is  scarcely  to  be 
met  with  in  any  other  country. 

This  vast  development  of  single  members  must  be  the  cause  of  a 
great  many  peculiarities.  Wherever  the  DachsteLn  limestone  appears 
in  such  force,  the  lower  strata  bear  no  traces  of  organic  life.  The 
levelling  influence  of  such  an  enormous  deposit,  and  the  decrease  of 
the  water- depth  depending  on  it,  is  evidenced  by  the  appearance  of 
fossils  at  only  some  thousand  feet  above  the  lowest  limit  of  the 
Dachstein  limestone,  e,  g,  in  the  Echem  Thai.  The  strata  with  i2Ayn- 
chonella  pedata  may  have  corresponded  to  a  rather  low  horizon. 

A  consideration  of  the  limits  of  the  contemporaneous  seas,  as  de- 
termined by  the  orognmhic  relations  existing  at  this  remote  epoch, 
may  be  useiful  for  the  better  comprehension  of  these  &cts,  taken  in 
their  totality.  A  number  of  geological  maps,  e»  g.  the  littoral 
map  of  the  Jurassic  Seas,  published  by  Gressly,  exhibit  the  con* 
tinent  of  the  Schwarzwald  and  the  Vosges,  and  to  the  south-westward 
the  central  table-land  of  France,  as  rising  above  the  level  of  the 
liassic  deposits.  Notwithstanding,  we  stiU  have  no  proof  of  these 
waters  having  covered  the  whole  of  eastern  or  south-eastern  Switzer- 
land. 

M.  Studer  says,  ''  We  enter  a  new  region  on  the  opposite  bank 
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of  the  Rbiiie ;  peculiar  organic  remains,  different  from  anything  we 
got  a  notion  of  from  the  Dauphin^  and  SaToj  thoughout  the  north- 
ern calcareous  zone  of  the  Swiss  Alps,  compel  us  to  search  elsewhere 
for  points  of  comparison*."  One  of  the  most  remarkable  facts^ 
recently  ascertained  by  M.  Escher  Ton  der  Linth,  is  the  sudden 
termination  of  all  these  formations  along  the  valley  of  the  Rhine, 
between  Chur  and  the  Lake  of  Constance.  The  Swiss  geologists  sup- 
pose the  inferior  oolite  of  the  Calanda  to  immediately  follow  rocks  of 
a  far  older  epoch ;  the  mighty  masses  of  triassic  and  liassic  rocks,  so 
conspicuous  on  the  opposite  side  of  the  Rhine,  are  completely  mu»ed 
on  this  place ;  the  correspondence  of  these  phnnomena  with  the  dis- 
cordance between  the  upper  lias  and  the  inferior  oolite,  as  observed  in 
several  of  our  Austrian  localites,  is  very  striking  ;  and  perhaps  one 
>f  the  most  violent  upheavings  of  the  eastern  Alps  may  be  referred 
to  this  period. 

Another  mass  nerer  covered  by  liassic  waters  is  what  may  be 
called  the  "  Bohemian  continent,"  which  comprises  not  only  Bohe- 
mia by  itself,  but  also  the  whole  of  the  granitic  and  gneiss  rocks 
forming  table-lands  throughout  the  larger  part  of  Austria,  northwards 
of  the  Danube,  between  Passau  and  Krems,  frequently  appearing  on 
this  side  of  the  Danube  also  and  near  St.  Leonhard,  not  far  ^m 
Pochlarn,  advancing  their  southern  extremity  to  a  distance  of  only 
one  and  a  half  geographical  miles  from  the  alpine  limestone.  When 
treating  of  the  Gresten  strata,  we  shall  speak  of  the  necessary  influ- 
ence of  so  extensive  a  continental  mass  on  the  fauna  of  the  neighbour- 
ing seas ;  its  farther  influence  on  the  elevation  of  the  Alpine  rocks,  and 
how  far  the  flexure  of  the  northernmost  tract  of  variegated  sandstone 
depends  upon  its  outline,  must  be  cleared  up  by  future  investigations. 

ne  cannot  leave  our  subject  without  some  allusion  to  the  crys- 
talline rocks  of  the  central  eastern  Alpine  chain,  standing  in  im- 
mediate relation  to  the  Alpine  limestones.  At  present  the  ques- 
tion of  the  existence  of  a  continent  abpve  the  level  of  the  sea  on  the 
place  now  occupied  by  these  mighty  mountains,  can  scarcely  meet 
with  a  satisfactory  answer.  The  majority  of  facts  are  opposed  to 
it ;  at  all  events  it  may  not  have  formed  a  continuous  mass ;  who- 
ever has  wandered  through  one  of  the  principal  valleys,  separating 
the  central  chain  from  the  Alpine  limestones,  may  easily  agree  with 
this  opinion.  On  one  side,  the  crystalline  slates,  whose  rounded 
slopes  are  covered  with  forests,  and  frequently  cut  throueh  by 
parallel  secondary  valleys,  amply  provided  with  water,  tower  higher 
and  hiffher  up  to  the  mighty  masses  of  the  Grassglockner,  Anthogel, 
&c.,  giving  a  magnificent  background  to  the  whole  scenery;  the 
opposite  slope  of  the  valley  offers  a  great  contrast  by  its  vertical 
limestone  dms,  arising  suddenly  to  the  heieht  of  many  thousand  feet 
amidst  the  variegated  sandstones,  covered  with  meadows  and  di- 
spersed human  habitations.  These  natural  walls,  rivalling  in  white- 
ness the  snow  that  covers  the  tops,  run  through  a  line  of  several 
German  miles  without  being  interrupted  by  any  secondary  valley  ; 
the  strata  are  all  broken  up,  and  where  should  their  continuation 
*  GeoL  d.  Schweitz,  vol.  ii.  p.  196. 
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be  searched  after  if  not  on  the  opposite  side  of  the  central  mass*  ? 
The  fauna  of  the  Koessen  strata  is  no  more  favourable  to  the  hypo- 
thesis of  a  former  continent  on  the  region  at  present  occupied  by  the^ 
Alps,  than  is  the  petrographical  character  of  the  Umestones  them- 
selves, which,  even  on  this  spot,  show  a  particular  degree  of  purity. 

III.  (xresten  Strata, 

Black,  marly  limestones  and  dark  sandstones,  with  rich  coal-beds 
and  liassic  fossils,  are  found  in  the  portion  of  our  Alps  nearest  to  the 
southern  extremity  of  the  ''Bohemian  continent" ;  they  contain  these 
Brachiopods — Spiri/er  rostratu9,  iS|p.  Muensteri,  and  Terebratula 
eomuta,  which  species  are  also  found  in  the  Koessen  strata,  but  no 
other  species  are  common  to  both  groups.  Other  genuine  liassic 
fossils  of  the  Gresten  strata  (for  the  most  part  determined  by  M.  von 
Hauer)  are — Maetromya  cardioides,  Phill.  sp.,  Cardinia  Listeria 
Sow.  sp.,  Pholadomya  amhigua.  Sow.,  PhoL  Hausmanni,  Goldf., 
PhoL  decorata,  Hartm.,  Goniomya  rhotnbifera,  Goldf.  sp.,  Pleu- 
romyaunioides,  Goldf.  sp.,  Nucula  complanata,  Phill.,  Pinna  folium^ 
Young  and  Bird,  lAtna  gigantea,  Desh.,  and  Pecten  Itasinus,  Nyst. ; 
the  following  are  common  to  the  Gresten  and  Koessen  strata — 
Avieula  intermedia,  Nucula  c(mplanata,  Pinnafolium,  Lima  gigantea, 
and  Pecten  liasinus.  They  contain  a  rather  considerable  flora,  in- 
vestigated by  MM.  linger  and  v.  Ettingshausen,  many  species  of 
which  are  known  in  the  lias  or  the  keuper  of  other  countries. 

(xenerally  the  Gresten  strata  are  very  rich  in  bivalves,  e.  g.  My<B\ 
but,  like  the  Koessen  strata,  are  very  deficient  in  Gasteropods  and 
Cephalopods ;  vet  the  rich  flora  of  the  first  mdicates  an  essential 
difference,  confirmed  by  closer  investigation.  The  Gresten  strata 
present  a  certain  analogy  with  the  keuper,  as  far  as  they  bear  the 
character  of  deposits  formed  in  the  neighbourhood  of  a  continent ;  a 
supposition  strengthened  by  their  rich  coal-deposits. 

Plants  only,  and  no  molluscs,  occur  in  the  greater  number  of 
localities.  I  have  seen  Brachiopods  from  Rohrbach  (north-west  of 
Hainfeld),  from  Gresten,  from  the  Ferdinand-Stollen  at  Gaming, 
'and  ^m  the  Eleonora-Schacht  at  Grossau;  and,  farther  south- 
westward,  from  the  environs  of  Weyer  in  the  Pechgraben,  especially 
near  Steinau ;  and  farther  to  the  south-west,  from  the  Furstenham- 
mer.  The  ideal  line,  uniting  the  two  most  distant  localities,  Bern- 
reuth  and  the  Pechgraben,  does  not  exceed  ten  (German)  miles  in 
length. 

The  researches  as  yet  made  are  too  few  to  allow  of  a  farther  dis- 
cussion on  the  relations  between  the  Gresten  and  the  Koessen  strata ; 
these  are  more  strictly  separated,  in  palsontological  as  well  in  geo- 
graphical respects,  than  any  of  the  other  groups  mentioned  in  this 
memoir,  nor  can  their  differences  be  sufficiently  explained  by  the 
influence  of  a  neighbouring  shore,  until  we  find  intermedial  localities 

*  No  metamorphic  rocks,  as  they  appear  at  the  Radstadter  Tauem  and  at  other 
places,  are  at  present  known  in  the  corresponding  portion  of  the  central  mass;  so 
e.  g,  they  are  wanting  at  the  foot  of  the  Dachstein. 
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demonstrathre  of  this  explanation ;  aa  things  stand  at  present,  we  can 
merely  place  them  separately. 

Prof.  Uuger  was  the  first  who  recognized  the  liassic  nature  of  these 
strata  (Wiener  Zeitung,  20th  of  January,  1845;  Leonh.  u.  Bronn's 
Jahrhuch,  1848,  p.  279)  ;  and  M.  Kudematsch  has  given  a  detailed 
geological  description  of  them  ( Jahrhuch  der  K.  K.  Oeolog.  Reichs- 
anstalt,  1852,  vol.  ii.  p.  44). 

The  time  is  not  yet  come  to  decide  about  the  affini^r  of  these 
,  strata  with  the  frequently  quoted  plant-bearing  schists  in  the  western 
regions  of  the  eastern  Alps,  which  may  perhaps  prove  to  be  a  connect- 
ing link  between  the  Gresten  and  the  Koessen  strata. 

The  reports  of  the  geologists  who  have  surveyed  this  rather 
limited  district  ame  in  representing  the  Gresten  strata  as  resting 
immediately  on  the  Guttenstein  strata, — a  very  unexpected  circum- 
stance, perhaps  to  be  explained  by  future  observations. 

IV.  Relation  of  the  Koessen  beds  vnth  the  St.  Cassian  beds  and 
the  Lias. 

Having  detailed  the  whole  of  the  facts,  and  enumerated  the 
fossils,  which  may  induce  us  to  rank  this  group  among  the  lias,  I 
will  briefly  discuss  the  reasons  given  by  some  ^legists  for  paralld- 
iziuff  some  of  its  members  with  the  St.  Cassian  formation.  The 
whole  series  of  Koessen  fossils  gives  us  but  three  species  identical 
with  those  of  St.  Cassian,  viz.  Cardita  crenata,  the  so-called  Spon^ 
dylus  obliquus  (whose  identity  seems  doubtful  even  to  M.  Emmrich), 
and  Actneonina  alpina,  quoted  by  M.  Merian,  but  without  giving 
its  locality.  The  Amcula  ffryphaata  are  found  in  the  lus  of 
England  as  well  as  m  the  St.  Cassian  strata ;  and,  according  to  M. 
Peters,  one  of  our  species  may  probably  prove  identical  with  Avieula 
contorta,  Portl. 

The  stratigraphical  relations,  at  least  as  they  exis^  in  Yorarlbe^ 
do  not  appear  to  warrant  a  separation  of  the  Koessen  strata  from  the 
lias ;  what  we  have  already  said  is  sufficient  to  lead  us  to  the  con- 
clusion that  M.  Escher's  No.  18  limestone  with  Megtdodon  tri- 
queter  (the  equivalent  to  our  Dachstein  limestone)  and  his  No.  14 
St.  Cassian  Formation  (identical  with  our  Koessen  strata)  cannot 
conveniently  be  considered  to  be  members  of  different  formaticMis. 
Since  the  investigation  of  the  Cephalopods  of  the  Salzkammergut, 
the  Hallstatt  strata  can  no  longer  be  doubted  to  be  an  equivalent 
of  the  St.  Cassian  formation,  nor  is  there  any  reason  to  consider 
the  former  as  representing  only  a  part  of  the  St.  Cassian  group. 

No  locality  is  at  present  known  where  the  Koessen  group  may 
not  be  represented,  in  one  way  or  in  the  other,  between  me  Ammo- 
nitic  Upper  Lias  and  the  Hidlstatt  strata.  The  section  referred  to 
by  M .  Emmrich  (Zeitschrift  d.  Deutsch.  Geolog.  Gesellscfa.  1852, 
p.  515)  as  showing  the  Adneth  strata  immediately  overlying  those 
of  the  Hallstatt  group,  is  founded  on  an  error  of  M.  Lippold,  who 
has  confounded  the  last-named  group  with  the  Adneth  strata. 

Along  the  whole  northern  declivity  of  the  eastern  Alps  the  Koessen 
strata  are  most  distinctly  separated  from  the  Hallstatt  group  by  th&r 
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paleeontological  character ;  not  one  species  common  to  both  has  been 
found  throughout  their  whole  extent.  As  the  Koessen  strata  con- 
tain a  number  of  characteristic  lias  fossils^  while  the  fauna  of  the 
Hallstatt  strata,  at  least  in  its  general  aspect,  comes  nearer  to  the 
Muschelkalk,  we  may,  with  some  degree  of  security,  here  place  the 
boundary  between  the  formations. 

y.  The  Koetsen  Brachiopoda. 

At  pages  38-64  of  his  Memoir,  M.  Saess  describes  the  Brachio- 
pods  on  which  he  founds  the  palseontological  conclusions  above 
detailed.     The  following  table  shows  their  general  distribution : — 
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PL  2.  f.  1-5. 
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P1.2.f.6. 
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PI.  4.  f.  1-4. 
PL  4.  f.  18-15. 
PI.  3.  f.  10-15. 
PL  2.  f.  18. 
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pyriformis,  <SiM!»«,  D.  sp 

Grestenensis,  Suettj  n.  sp 

groaanlus,  Sueuy  n.8p 

Theddea  Haidingeri,  Sueu,  n.  sp.  ... 

SDirifer  rostoitiu.  SchL  m. 

Muensteri.  Deandaott    

— —  Emmrichi,  Sueu,  n.  sp 

Haueri,  A(et«,  n.  sp.    ...., 

Rhynchonella  subrimosa,  Seht^.  sp.... 

Anstriaca,  Aietf ,  n.  sp.    

Discina  CeUensis.  Sueu,  n.  sd 

Discina.  sd. • 

Rhynchonella  pedata,  Bronn,  sp. 

[Count  M.  and  T.  R.  J.] 


On  the  VoRARLBBRG  and  the  Salzberg.     By  M.  E.  Subbs. 

[Proceedings  of  the  Imp.  GeoL  Institute  of  Vienna,  Not.  14, 18.^4.] 
M.  £.  SuESS,  after  having  visited  the  Yorarlberg  (in  company  with  ' 
M.  Escher  von  der  Linth  and  M.  Merian)  and  the  Salzberg  m  the 
Tyrol,  reports  that  the  sedimentary  rocks  of  the  Yorarlberg,  although 
a^;reeing  m  many  respects  with  those  of  the  Eastern  Alps  of  Austria, 
differ  ^m  them  in  several  particulars.  The  Spuller's  Alpe  and  the 
environs  of  Stallehr  and  Schroecker  are  alluded  to  as  examples  of 
this.  At  these  localities  rocks  palaeontologically  and  lithologically 
identical  with  the  liassic  strata  of  Adneth  and  ETossen,  and  with  the 
variegated  marls  of  the  Eastern  Alps,  rest  on  sandstones  which  are 
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notably  different  from  the  genuine  Wexfen  strata.  At  the  same 
places  also  powerful  masses  of  limestone  of  the  cretaceous  period, 
form  a  secondary  zone,  exterior  to  the  liassic  rocks,  in  oontradistiiic- 
tion  to  the  conditions  obtaining  in  the  Austrian  Alps. 

The  tertiary  deposits  of  the  Yorarlberg  have  been  upheaved,  like 
those  of  Switzerland.  M.  Escher  von  der  Linth's  hypothesis  of  the 
Yorarlberg  flysch  being  an  eocene  deposit  is  probably  correct,  both 
on  account  of  its  northern  range  being  between  the  cretaceous  rocks 
and  the  molasse,  and  because  its  southern  range  separates  the  cre- 
taceous rocks  from  the  Alpine  Umestone  proper.  The  cretaceous 
group,  surrounded  by  both  these  lines,  is  heaved  up  in  a  series  of 
regular  anticlinals.  The  largest  of  these,  that  of  Canisfluh  near 
Au,  is  fissured  to  such  a  depth  that  lower  Jurassic  rocks  are  seen 
coming  out  from  beneath  the  cretaceous. 

Remarkable  vestiges  of  ancient  glaciers  (already  noticed  by  M. 
Guyot)  occur  along  the  whole  course  of  the  Rhine  within  the 
Austrian  territory,  as  far  as  the  neighbourhood  of  Bregenz. 

In  his  excursion  to  the  Salzberg,  M.  Suess  ascertamed  that  at 
different  points  there  is  an  alternation  of  the  St.  Cassian  beds  with 
the  sandstone  which  is  regarded  by  the  Swiss  geologists  as  belonging 
to  the  Keuper.  [Count  M.] 

Notice  of  the  Occurrence  of  an  Earthquake  at  Schemnitz, 
Hungary.    By  M.  Russegger,  Director  of  the  Mines  of  Lower 
Hungary. 
[Proceedings  of  the  Imperial  Academy  of  Sciences  of  Vienna,  Oct.  5, 1854.] 

On  September  16,  1854,  at  5  o'clock  a.m.  (mean  time),  says  the 
author,  I  was  awakened  by  a  report  like  that  of  cannon,  which  was 
also  heard  by  all  the  inhabitants  of  the  building  occupied  by  the 
Mining  Adnunistration,  and  by  the  sentinel  in  front  of  it.  All 
these  persons  simultaneously  felt  a  shock  and  perceived  the  furni- 
ture and  other  objects  suadenly  and  violently  shaken.  An  inhabi- 
tant of  the  ground-floor  thought  that  a  subterranean  vault  had 
suddenly  fallen  in.  In  the  town  of  Schemnitz  itself  the  shock  was 
felt  in  the  direction  of  the  principal  ^letaUiferous  vein  (Spitaler 
Hauptgang),  and  on  both  sides  of  this  line.  It  was  not  felt  at 
Windschacht,  situated  on  the  S.W.  part  of  the  vein,  but  its  (probably 
secondary)  effec'ts  were  sensibly  felt,  though  considerably  less  in 
force,  along  the  N.E.  prolongation  of  the  vein,  where  it  enters  the 
private  mining  territory  of  Michaelisstollen. 

«  The  shock  and  report  were  of  greater  intensity  in  the  mines  than 
at  the  surface  immediately  above  the  workings  in  the  principal  vein. 
All  who  perceived  the  report  stated  that  it  seemed  to  come  from 
underground,  and  the  shock  too  appears  to  have  acted  vertically 
from  below  upwards.  The  supposition  that  the  phsenomenon  arose 
from  the  falling  in  of  abandoned  excavations  in  the  mines  is  inadmis- 
sible to  any  one  acquainted  vdth  the  method  by  which  mineral  veins, 
especially  in  the  Schemnitz  district,  are  usually  worked.  Moreover, 
the  observations  made  in  the  interior  of  the  mines  prove  that  the 
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shock  increased  in  energy  with  the  depth,  and  reached  its  maximum 
at  an  horizon  of  100  fauioms*  underground. 

Previous  to  the  earthquake  in  question,  another  had  heen  felt  at 
Schemnitz  on  April  6th,  1854,  at  6  o'clock  p.m.  It  followed  the 
same  line  of  direction,  and  was  perceived  over  a  larger  extent,  hut  it 
was  of  less  intensity.  Its  maximum  point  was  also  situated  im- 
mediately beneath  the  area  on  which  Schemnitz  is  built ;  and  intense 
shocks  were  felt  at  Windschacht ;  but  they  were  not  at  all  perceived 
in  the  interior  of  the  mines.  [Count  Marschall.] 


On  the  Tertiary  Chelonia  o/^  Austria.    By  Dr.  Peters. 

[Proceedings  of  the  Imperial  Academy  of  Sciences  at  Vienna,  Jan.  4, 1855.] 
In  his  Memoir  on  the  remains  of  Chelonians  in  the  Tertiary  deposits 
of  the  kingdom  of  Austria,  M.  Peters  observes  that  these  fossils, 
all  belonging  to  the  freshwater  genera  Trianyx,  Emys,  and  Chefydra, 
may  be  of  great  use  in  throwing  light  on  the  mutual  relations  of  the 
Tertiary  freshwater  deposits  with  the  seas  of  that  period.  Most  of 
these  fossils  were  found  in  Lower  Austria  and  in  the  S.W.  parts  of 
Styria.  One  specimen  is  from  the  strata  of  Hammersdorf,  near 
Hennannstadt  in  Transylvania.  Two  new  species  of  Trionyx  (2V. 
Findobonensis  and  TV.  Stiriacus),  TV.  Partschi,  Fitz.,  Emys  Lore- 
tana,  Meyer,  and  a  Chelydra,  closely  allied  to  Ch,  Decheni,  Meyer, 
are  described  in  M.  Peters's  Memoir. 

[Count  Marschall.] 

On  a  Recently  DUeavered  Metalliferous  Deposit  in  Northern 
Bohemia.    By  M.  Vogl. 

[M.  Haidinger's  Report  to  the  Imperial  Geoloncal  Institute  of  Vienna, 
Nov.  7, 1854t.] 

The  Geistergang  (Ghost' s-vein)  is  a  rich  metalliferous  deposit  dis- 
covered at  Joachimsthal,  in  Northern  Bohemia,  in  October  1853. 
M.  Vogl  describes  it  as  being  formed  of  decomposed  porphyry 
containing  frequent  cavities  occupied  by  a  talcose  substance  mixed 
with  capilliform  native  silver  and  with  black  pulverulent  oxyd 
of  silver  (Silberschwarze).  Its  metalliferous  portion  is  a  compact 
compound  of  several  species  of  pyrites,  blendes,  and  metallic  suU 
phurets,  especially  of  cobalt  and  nickel,  among  which  the  silver  is 
found,  either  native,  in  shape  dentiform  or  fihform,  or  in  the  state 
of  both  black  and  red  antimoniferous  sulphuret  (Rothgiltigerz.) 

The  vein  rests  on  slate,  and  is  covered  by  porphyry ;  it  becomes 
richer  as  it  is  closer  in  contact  with  porphyry,  and  attains  its  maxi- 
mum richness  where  it  divides  into  two  branches  and  goes  throuffh 
the  porphyry.  Farther  on,  its  metalliferous  ores  diminish  graduafiy 
as  the  slate  appears  more  and  more  in  the  roOf  of  the  vein. 

The  thickness  of  one  of  these  branches  varies  from  3  to  4  inches  ; 
that  of  the  other  from  3  to  8  inches. 

*  About  622  English  feet.— Transl. 

t  Jahrb.  K.  K.  Oeol.  Reicbsans.  1854,  pp.  611,  &c. 
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The  richest  portion  has  been  worked  in  a  horizontal  extent  of  4^ 
fathoms*;  it  produced  94f  oentnersf  of  ore,  containing  between 
700  and  900  marks  of  silver,  and  20  to  23  per  cent,  of  nickel. 

The  Geistergang  during  the  years  1847  to  1853,  inclusiTe,  yielded 
in  total  3249  centners  of  ore,  containing  18660  marks^  of  silTer, 
227  centners  of  lead,  and  2  centners  of  copper,  representing  altogether 
a  value  of  387143  florins  $,  besides  the  vsJue  of  the  bismuth,  cobalt, 
nickel,  and  uranium  not  noted  at  present  in  the  price-lists  of  the 
Mining  Administration,  although,  owing  to  M.  Patera's  able  practical 
researches  II,  these  substances  may  in  short  time  acquire  such  a 
degree  of  commercial  and  industrial  value,  that  the  sums  obtained 
for  them  may  completely  pay  off  the  expenses  of  working  the  silver. 

[Count  M.] 

On  the  Geology  o/* Lower  Carinthia.     By  l)r.  Peters. 

[Proceedings  of  the  Imp.  GeoL  Institute  of  Vienna,  No?.  7,  1854.] 
In  presenting  a  geological  map  of  the  western  part  of  Lower  Car- 
inthia, which  he  had  examined  in  the  summer  of  1 854,  Dr.  Peters 
observed  that  this  portion  of  the  Alps,  comprehending  an  area  of 
46  or  47  Austrian  square-miles^,  is  situated  oetween  the  masses  of 
crystalline  rocks  from  among  which  the  Hochalpspitz  rises,  forming 
the  central  nucleus  of  this  group,  and  the  older  crystalline  rocks  of  the 
Saualpe  and  Coraipe,  ranging  N.  and  S.,  and  is  distinguished  from 
the  latter  by  the  absence  of  a  central  group,  by  its  peculiar  and 
complex  system  of  valleys,  and  bv  the  character  of  its  vegetation. 

The  predominant  rock  is  argillaceous  slates,  of  several  varieties, 
corresponding  in  strike  with  those  of  the  Eastern  Alps,  and  undit- 
turbea  by  the  accompanying,  locally  intercalated  micaceous  and 
gneissic  rocks. 

Sedimentary  rocks  of  ancient  date,  insensibly  passing  into  day- 
slate,  appear  in  the  S.E.  and  N.W.  parts  of  the  district.  As  yet 
they  are  not  known  to  contain  any  organic  remains,— excepting  the 
well-known  fossil  plants  of  the  Stangalpe,  which  belong  to  the 
carboniferous  formation, — and  their  age  is  necessarily  undetermined. 

The  lower  trias  occurs  only  in  the  S.E.  portion.  The  tertiary 
formation  is  represented  by  lignitiferous  plastic  clay  (Tegel),  and  by 
great  masses  of  sand  and  gravel,  occurring  even  in  the  highest 
valleys.  The  study  of  these  latter  deposits  throws  li^ht  on  some 
anomalies  observed  in  the  present  arrangement  of  the  valleys ;  for  by 
their  aid  several  river-courses,  especially  that  of  the  Gark,  may  be 

*  The  fkthom  (Lachter)  used  in  the  mines  of  Northern  Bohemia  "3  6*069  Vienna 
feet ;  1  Vienna  foots  1-037  English  feet.— Transl. 

t  The  Vienna  centner  (100Ib.)<==  123-460 lib.  avoirdapois;  3249  ceDtnen= 
401,130-86491b.  avoirdupois.— Transl. 

X  The  Vienna  mark  (ilb.)«0'67301b.  avoirdupois;  18  660markB«  11*418,8 181b. 
avoirdupois. — ^Tran«l. 

§  The  Aostrian  florin » £0*2  sterling  (approximative  valae);  387*143  florins 
»  £38*714  sterlins,  6  shillings.— Transl. 

II  See  also  Jarhb.  K.  K.  Geol.  Reichsans.  1854,  p.  630,  &c. 

^  The  Austrian  mile  »  4*71422  English  miles ;  consequently  1  Austrian  square-  ' 
mile  B  very  neariy  22.*!  English  square-miles. 
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Bubdivided  into  distinct  transyerse  valleys,  whose  onion  into  one 
principal  valley  has  taken  place  subsequently  to  the  deposition  of  the 
gravels  and  sands.  They  prove  also  that  the  water-courses  of  the 
Drave  and  the  Mur  were  not  completely  separated  at  this  epoch 
(which  is  probably  coincident  with  the  umit  between  the  tertiary 
and  the  diluvial  periods),  as  rock-fragments  derived  from  the  district 
now  drained  by  the  Mur  are  found  in  the  lateral  valleys  now  opening 
into  the  valley  of  the  Drave. 

This  alternation  of  areas  of  hard  rock  surface  and  areas  of  gravel, 
sand,  and  clay,  the  latter  offering  a  great  variety  of  circumscribed 
cultivatible  surfaces,  have  impressed  peculiar  characters  on  the  mode 
of  agriculture  used  in  the  region  described.  These  deposits  are  a 
necessary  condition  for  the  existence  of  the  large  number  of  hamlets 
in  several  parts  of  the  Alps  ;  nor  could  the  extreme  limit  of  culture 
have  reached  without  theur  aid  the  height  of  4700  feet  (=48/3*9 
English  feet)  above  the  sea-level.  [Count  M.] 


On  the  Composition  of  the  Vienna  Sandstone. 
By  C.  VON  ELauer. 

[PrcMseediDgs  of  the  Imp.  Geol.  Institate  of  Vienna,  Nov.  7, 1854.] 
From  the  chemical  researches  made  by  Chev.  Charles  von  Hauer  on 
the  matrix  by  which  the  quartz  granules  are  cemented  together  in 
the  "Vienna  sandstone,"  it  appears  that  this  cement  is  identical 
with  that  of  the  "Carpathian  sandstone,"  recently  examined  by 
Prof.  ZeuBchner,  and  long  ago  by  the  late  Prof.  Hacquet.  It  is  a 
mixture  of  the  carbonates  of  lime  and  magnesia,  and  of  oxydulated 
iron,  varying  in  quantity  from  2  to  80  per  cent,  of  the  whole  mass  in 
different  localities,  but  keeping  very  constant  proportions  in  each 
separate  stratum.  The  relative  proportion  of  the  carbonates  of  lime 
and  magnesia  varies  from  0*7 : 1  to  42 : 1 ;  but  remains  constant  in 
each  separate  locality.  Lime  is  generally  predominant,  but  the 
magnesia  and  oxydule  of  iron  are  never  absent.  [Count  M.] 


On  some  asymmetrical  Ammonites  from  Hierlatz. 
By  M.  Fr.  von  Hauer. 

[Proceedings  of  the  Imp.  Geol.  Institate  of  Vienna,  Not.  14, 1854.] 

In  this  communication  M.  Fr.  von  Hauer  described  three  asymme- 
trical species  of  Ammonites  from  the  Hierlatz  strata. 

Two  of  these.  Am,  Suessii  and  Am.  abnormisy  have  the  shell  of  a 
normal  shape,  but  the  outlines  of  the  lobes  are  disposed  asymme- 
trically ;  the  dorsal  lobe,  instead  of  being  separated  into  two  equal 
halves  by  the  medio-dorsal  line,  has  suffered  a  considerable  change 
of  place  m  a  lateral  direction.  The  lobe-outlines  of  the  third  species. 
Am.  Janus,  belonging  to  the  Amaltheus  group,  are  symmetrical,  but 
the  right  side  of  the  shell  is  developed  quite  differently  from  the 
left  side.  Am.  Suessii  has  been  previouslv  described  by  Prof.- 
Schafhautl  of  Munich,  who  overlooked  the  lateral  position  of  the 
siphuncle,  and  placed  it  in  the  genus  Nautilus.         [Count  M.] 
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On  the  LiAssic  Flora  of  Baykkvth.    By  Dr.  Braun. 

[Proceedings  of  the  Imp.  GeoL  Institute  of  Vienna,  Nov.  28, 1854.] 

The  new  genus  Kirchneria,  Braun,  is  found  in  the  lower  liassic  sand- 
stone around  Bayreuth,  and  bears  a  close  resemblance  to  the  forms 
found  in  the  carbonaceous  liassic  sandstone  of  Steierdorf  in  Banat, 
and  described  by  C.  Ton  Ettinghausen  * .  The  analogy  of  Kirchneria 
with  the  Thinnfeldia  of  Ettinghausen  is  very  remarkable,  notwith- 
standing that  the  former  b  a  fern,  and  that  the  latter  is  ranked 
amongst  Conifers.  The  forms  described  by  Dr.  Braun  likewise 
offer  considerable  analogies  with  those  discovered  by  M.  A.  de  Zignof 
in  the  Jurassic  strata  of  the  Venetian  Alps ;  of  these,  a  fern,  on  which 
M.  de  2jigno  has  founded  his  new  genus,  Cyctuiopteru,  bears  the 
nearest  resemblance  to  Kirchneria. 

Dr.  Braun's  researches  prove  that  the  liassic  sandstones  of  Bayreuth 
bear  a  striking  agreement  with  those  of  Steierdorf  in  Banat,  Fiinf- 
kirchen  in  Hungary,  and  Lilienfeld,  Lunz,  and  Grossau  in  Lower 
Austria,  all  of  them  belonging  to  the  same  subdivision  of  the  liassic 
group.  [Count  M.] 

On  the  Mining  District  (/Pribram.    By  M.  Kleszcznski, 

Mining  Surveyor  at  Pribram. 
[Proceedings  of  the  Imp.  GeoL  Institute  of  Vienna,  Nov.  21, 1854.] 
The  rich  lead  and  silver  veins  so  extensively  worked  at  the  Birken- 
berg  near  Pribram,  at  Drkolnow,  and  near  Bohutiu  belong  to  the 
lower  portion  of  the  grauwacke  formation  which  occupies  exclusively 
that  portion  of  Central  Bohemia  which  is  situated  between  Prague 
and  Klattau.  Not  far  from  Pribram  crystalline  rocks,  especially 
granite,  range  continuou^  along  the  grauwacke  through  Neuknin, 
Dubenitz,  and  Shwitz.  Here  the  grauwacke  comprises  broad  zones 
of  alternating  grauwacke  and  slates,  with  intercalated  subordinate 
bands  of  clay-slate  and  auartzite,  frequently  passing  into  the  sur- 
rounding rocks.  The  strike  is  generally  S.W.  and  N.E. ;  the  dip, 
^.W.  or  S.E. 

The  grauwacke  of  the  Birkenberg  contains  the  metalliferous  veins, 
from  which  a  large  quantity  of  argentiferous  .galena  is  extracted, 
together  with  very  fine  mineral  specimens  well  known  in  collections. 
Veins  of  greenstone  occur  both  in  connection  with  the  metalliferous 
veins,  and  indenendent  of  them.  A  clay-bed  (called  Letteukluft)^ 
running  parallel  to  the  grauwacke  beds,  and  dipping  N.W.  (in  an 
opposite  direction  to  the  grauwacke),  marks  the  limit  between  the 
grauwacke  and  the  slates  overlying  it.  The  metalliferous  veina 
become  richer,  or  separate  into  several  branches,  as  they  approach 
this  clay-bed,  and  at  last  are  totally  cut  off  by  it,  no  trace  or  them 
being  found  beyond  it.  It  is  still  a  Question,  however,  whether  tiie 
veins  really  terminate  at  the  day-bed,  or  whether  they  are  shifted 

*  AbhandL  K.  K.  Geol.  Reichsanstalt,  vol.  i. 

t  Leonh.  n.  Bronn's  N.  Jahrb.  1854,  p.  31 ;  and  Quart.  Joum.  Geol.  See., 
vol.  X.  part  2,  Miscell.,  p.  13. 
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to  a  higher  or  a  lower  level  by  a  fault.  The  yeins  discovered  beyond 
the  "  Letten  Kluft,"  in  the  Schreckengebirge,  are  so  different  from 
those  worked  in  the  vicinity  of  Pribram,  that  the  supposition  of 
their  being  continuations  of  the  latter  appears  to  be  unwarranted. 

The  alluvial  deposits  in  the  Litawka  Valley  are  interesting  from 
the  fact  of  their  having  been  profitably  washed  for  gold  in  the  16th 
century.  The  auriferous  rock,  however,  from  which  the  alluvium 
was  derived  is  still  undiscovered.  [Count  M.] 


Deaeription  of  the  gigantic  Ichthyosaurus  trigonodon  in  the 
Banz  Museumy  together  with  a  Synoptical  account  of  the  species 
o/* Ichthyosaurus  in  the  same  Collection.  By  Carl  Theodori. 
Fol.  Munich,  1854.  With  4  large  Lithograph  Plates  illustrating 
the  fossils  of  the  natural  size.     Pp.  95. 

[Beschreibung  des  kolossalen  Ichthyosaurus  trigonodon  in  der  Lokal- 
Petrefacten-Sammlung  zu  Banz,  &c.] 

Thb  remains  of  the  Ichthyosaurus  trigonodon  described  in  this 
Memoir,  and  particularly  the  almost  perfect  skull  and  jaws  (6  feet 
6  inches  in  length),  are  so  important  and  instructive  from  their  great 
size  and  good  state  of  preservation,  that  they  were  esteemed  fiiUy 
worth  the  expense  of  the  elegantly  printed  folio  Memoir  and  the 
four  gigantic  lithograph  plates  (two  of  them  30^  by  40  inches,  and 
the  other  two  30J  mches  by  8  feet !)  by  which  they  have  been  illus- 
trated at  the  cost  of  the  Archduke  Maximilian,  the  proprietor  of  the 
Banz  Museum. 

Pages  I  to  XIII  of  the  work  contain  introductory  remarks,  a  short 
sketch  of  the  lias  formation  at  Banz,  and  an  account  of  the  finding 
of  the  Ichthyosaurus  trigonodon,  the  description  of  the  teeth  and 
bones  of  which  occupy  the  succeeding  pages  1-40. 

The  other  species  of  Ichthyosaurus  from  the  lias  of  Banz  which 
are  noticed  in  this  work,  with  descriptionB  of  some  of  the  most  im- 
portant portions  of  the  skeletons,  are  the — 

Ichthyosaurus  communis,  Conyb,,  p.  42. 

tenuirostris,  Conyh.y  p.  42. 

•  var.  sinuatus,  Theod,^  p.  50. 


acutirostris  ?,  Oiren,  p.  52. 


hexagonus,  nov.  sp.y  p.  55. 

planartus,  nov.  sp.,  p.  57. 

crassicostatus,  tiov.  sp.,  p.  60. 

macrophthalmus,  nov.  sp.,  p.  64. 

— ; —  ingens,  nov.  sp.y  p.  69. 

The  relative  proportions  of  the  several  bones  of  the  skull  and 
trunk  are  further  illustrated  by  two  comprehensive  synoptical  tables. 

The  Plates  I.  &  II.  exhibit  two  views  of  the  cranium  of  the  Ichth, 
trigonodon  of  the  natural  size !  PI.  III.  is  devoted  to  the  illustration 
of  numerous  bones  of  the  same  species.  PI.  IV.  comprises  charac- 
teristic bones  of  the  other  species  of  Ichthyosaurus  from  the  lias  of 
Banz.  [T.  R.  J.] 

TOL.  XI.— part  II.  E 
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On  the  Tertiaries  of  Hxingary  and  Transylvania. 

By  Dr.  HOrmes. 
[Prooeedings  of  tbe  Imp.  Geol.  Institute  of  Vienna,  Dec.  5, 1854.} 
During  the  summer  of  1854  Dr.  Homes  made  an  excursion 
through  Hungary  and  Trani^lyania,  both  for  the  purpose  of  adding 
to  the  palseontological  collection  of  Uie  Imperial  Museum  at  Vienna, 
and  to  collect  materials  for  the  completion  of  his  work  *'0n  the 
Tertiary  MoUusca  of  the  Vienna  Basin."  Dr.  Homes  reports  that 
the  lithological  and  pal^ntological  points  of  similitude  between  the 
tertiary  deposits  of  tne  districts  he  explored  and  those  of  the  Vienna 
Basin  are  so  evident  and  so  numerous  that  there  can  be  little  doubt 
of  their  having  been  contemporaneous. 

.  The  sea  then  occupying  the  Vienna  Basin  appears  to  have  been  the 
connecting  link  between  two  large  contemporaneous  seas,  one  of  which 
covered  the  Upper  Danubian  Basin,  whilst  the  other  occupied  what 
is  now  the  plains  of  Central  Hungary ;  nearly  in  the  same  way  as  at 
present  the  Sea  of  Marmora  forms  the  junction  between  the  Black 
and  ^gean  Seas. 

The  tertiary  deposits  of  Korod  and  Lapugnr  in  Transylvania,  of 
Nemesest  in  Banat,  of  Baden,  Steinabmnn,  and  Ottnang  in  Austria, 
together  with  those  of  Vilshofen  in  Bavaria,  of  St.  Gallen  in  Switzer- 
land, and  of  Montpellier,  Bordeaux,  and  Touraine  in  France,  the 
faunas  of  all  of  which  (with  some  local  modifications  excepted)  present 
a  similar  character,  may  serve  to  indicate  the  extent  and  situation  of 
the  extensive  sea,  which  during  the  tertiary  period  covered  a  consider- 
able portion  of  Central  Europe,  having  an  east  and  west  direction. 

The  locality  of  Lapugy  is  remarkable  for  the  richness  of  its  fossil 
fauna ;  and  some  of  the  shells  still  retain  traces  of  the  coloration  by 
which  their  surfaces  were  ornamented  during  life. 

Eocene  remains  have  likewise  been  found  in  the  lignitiferous 
deposits  of  Gran  in  Hungary.  [Count  M.] 

On  the  Fossil  Crustacea  ^rom  near  Verona. 
By  Prof.  T.  Catullo. 
[Prooeedings  of  the  Imp.  Geol.  Institute  of  Vienna,  Nov.  28, 1854.] 
Several  species  of  Crustacea,  viz.  Cancer  punetatue,  Desm.,  C. 
Boscth  Desm.,  Platycarcinue  Beaumantii,  Edw.,  and  PL  pagurui, 
Edw.^  have  been  previously  obtained  by  Prof.  Catullo  from  the  Calcaire 
grossier  of  the  environs  of  Verona  and  Vicenza.  The  Professor  now 
notices  another  form,  determined  by  M.  Desmarest  as  Ranina 
Aldrovandi,  from  the  Eocene  limestone  of  Valdonega ;  and  several 
crustaceans  from  the  slaty  limestone  in  the  Vallev  of  Vestina  near 
Monte  Bolca,  which  occur  under  circumstances  similar  to  those  in 
which  the  fossil  fishes  of  that  locality  are  met  with ;  the  impression 
of  the  fossil  not  being  fiilly  obtained  except  by  splitting  the  fossil- 
iferous  beds  transversely.  The  crustacean  remains  from  the  Vestina 
Valley  belong  to  the  Aatacini  family,  but  are  too  imperfectly  pre- 
served to  admit  of  specific  determination.  The  largest  and  best- 
preserved  specimens  amon^  them  remind  one  forcibly  of  Palinurui 
communU,  at  present  inhabiting  the  Mediterranean  and  the  Ocean. 

[Count  M.] 
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On  Magnesite,  and  the  Economic  production  of  Sulphate  of 
Magnesia.     By  M.  Foetterle. 

[Proceedings  of  tbe  Imp.  Geol.  Instit.  Vienna,  Jan.  9, 1855.] 

M.  Foetterle  notices  a  new  locality  of  Magnesite,  discoyered 
by  him  during  bis  geological  Buryej,  in  tbe  environs  of  Brack  in 
Styria.  Considerable  masses  of  this  mineral  occur  nortb  of  Brack 
in  a  limestone  imbedded  in  crystalline  slates.  It  closely  resembles 
crystalline  limestone  both  in  its  stracture  and  its  white  colour. 

The  angle  of  the  rhombohedron  obtained  by  cleavage  is  107^  16' ; 
specific  gravity,  3*033;  hardness,  4' 5,  according  to  Mobs'  scale. 
M.  C.  V.  Hauer  found  it  to  contain  99*2  per  cent,  of  carbonate  of 
magnesia,  and  a  ver^  sUght  (quantity  of  carbonate  of  iron.  When 
interspersed  with  mmute  particles  of  iron  pyrites,  it  gives  94*7  per 
cent,  of  carbonate  of  magnesia. 

Besides  the  locality  just  mentioned,  three  other  localities  in  the 
Alpine  grauwacke,  viz.  Glocgnitz,  Neuberg,  and  Trieben,  afford  still 
larger  quantities  of  Magnesite. 

M.  Foetterle  dwells  on  the  commercial  importance  of  this  mineral, 
as  a  material  for  the  profitable  production  of  bitter-salt  (sulphate  of 
magnesia),  in  the  same  manner  as,  according  to  M.  Delesse,  the 
manufacture  of  this  salt  from  serpentine  has  become  an  extensive 
branch  of  industry  in  France.  The  serpentine,  after  having  been  sub- 
mitted to  calcination  for  forty-eight  hours,  is  reduced  to  fine  powder, 
and  then  treated  with  dilute  sulphuric  acid.  A  somewhat  less  quantity 
of  .the  acid  is  used  than  would  be  required  to  saturate  the  whole 
amount  of  the  magnesia  in  the  serpentine.  The  solution,  freed  from 
all  heterogeneous  substances,  is  left  to  crystallize  in  wooden  tubs ; 
and  pure  sulphate  of  magnesia  is  obtained  by  the  second  cry- 
stallization. 

M.  Malapert,  at  Ch&tre,  and  MM.  Mallet  and  Lapellier,  at  Caen, 
have  used  with  success  the  method  employed  in  England  to  obtain 
this  salt  from  dolomite.  The  dolomite  is  treated  with  94  per  cent, 
of  its  weight  of  sulphuric  acid ;  the  filtered  solution  is  freed  from 
the  sulphate  of  lime,  filtered  again,  concentrated,  and  finally  left  to 
crystallize  in  stone  reservoirs.  This  new  branch  of  industry  has 
enabled  France  to  dispense  with  the  importation  of  foreign  suj^bate 
of  magnesia. 

[Count  M.] 
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Oh  the  Coal  deposits  at  Marklin,  Bohemia.    By  M.  v.  Lidl. 

[Prooeedingi  of  the  Imp.  GeoL  Inttit.  Viemia,  Jan.  9, 1855.] 

This  deposit,  in  which  sandstone  predominates,  is,  like  those  of 
Pilsen  and  Radnits,  of  freshwater  origin.  The  two  latter,  however, 
belong  to  the  grauwacke  district,  while  that  of  Marklin  is  enclosed 
on  all  sides  by  crystalline  rocks  (granite  and  clay  slate). 

The  extent  of  this  coal-deposit,  although  worked  simnltaneoiiBly 
by  three  mining  companies,  is  still  bnt  imperfectly  known.  At 
present  two  beds  of  pure  coal,  partially  capable  of  coking,  haye  been 
opened  to  the  depth  of  from  10  to  14  fathoms  [=  20740  to  29*036 
English  yards].  Each  bed  is  from  4  to  6  feet  [=  4*148  to  6*222 
English  feetj  thick,  and  they  are  separated  from  each  other  by  a 
shale,  3  feet  thick  [=  3*  1 1 1  English  feet]. 

The  upper  bed  of  coal  is  overlaid  by  rolled  pebbles,  shales,  sand- 
stones witn  vegetable  impressions  (among  them  are  many  Calunites 
and  but  few  Ferns),  and  carboniferous  oxide  of  iron  [Kohlen-eisen- 
stein].  At  its  eastern  termination  this  sandstone  contains  two  coal- 
beds,  scarcely  exceeding  a  few  inches  in  thickness.  The  lower  coal- 
bed  rests  on  confusedly  stratified  shales,  with  Stigmaria  roots,  and 
on  sandstones,  with  subordinate  beds  of  bluish-grey  clay. 

The  coal  is  reached  by  means  of  a  pit,  and  worked  by  galleries  and 

Cillars.  The  pumpiiu;  and  raising  work  is  chiefly  effected  by  human 
ibour;  one  only  of  the  compimies  having  a  good  steam-engine. 
The  total  product  of  the  Marklin  mines  amounts  to  400,000  and 
more  centners  per  annum  [ss  494*600  cwt.  avoirdup.].  The  coal  is 
in  request  from  its  cheapness  and  good  quality,  and  is  partly  used  in 
the  neighbourhood  of  the  mines  and  in  tne  industrial  establishments 
at  Neugedlin,  and  is  partly  sent  to  Vienna  and  into  Bavaria. 

[Count  M.] 


On  the  Lead-bearing  Rocks  of  Lower  Carinthia. 
By  M.  LiPOLD. 

[Proceedings  of  the  Imp.  GeoL  Instit.  Vienna,  Jan.  23, 1855.] 

The  lead-ores  at  Unterpetzen  near  Schwarzenberg,  in  Lower  Carin- 
thia, occur  in  light-coloured  compact  limestones,  with  conchoidai 
fracture,  which  occupy  the  highest  summits  of  the  Petzen  mountain- 
range,  and  have  a  thickness  of  1000  feet  [=  1037  English  feet]  and 
more.  These  limestones  are  divided  into  beds  of  one  or  more  fathoms 
in  thickness,  striking  S.E.  and  N.W.,  and  dipping  N.E.  at  an  angle 
of  from  40°  to  50°.  They  repose  on  a  great  mass  of  dolomites, 
partly  bituminiferous,  which  are  supposed  to  represent  the  Gutten- 
stein-strata,  as  at  some  places  they  come  out  fiom  beneath  the  red 
Werfen-slates. 

The  only  plumbiferous  stratum  is  one  of  inconsiderable  thickness, 
containing  the  galena  in  some  parts  sparsely  interspersed,  at  others 
in  sufficient  quantity  to  be  extracted  by  means  of  stampine-miUs. 
The  richest  ore  occurs  in  veins  crossing  the  limestone  bed  in  an 
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£.  and  W.  direction ;  they  are  nearly  vertical,  and  terminate  at  the 
upper  and  lower  limits  of  the  metalliferous  stratum,  which,  however, 
does  not  differ  lithologically  from  the  sterile  beds  above  and  below 
it.  Compact  galena  occurs  in  these  veins  or  fissures  in  veinules,  up 
to  3  inches  [=  0*259  English  foot]  thick,  or  in  isolated  irregular 
masses,  sometimes  of  several  feet  in  diameter.  It  is  imbedded  in  a 
brownish  calciferous  clay,  in  a  friable  Hmestone-breccia,  or  in  a  mix- 
ture of  clay  and  limestone-fragments  filling  up  the  above-mentioned 
fissures.  The  angularit;^  of  the  fragments  of^  limestone  in  the  clay 
and  the  occurrence  of  suckensides  prove  the  veins  not  to  have  been 
contemporaneous  with  the  limestone  which  they  traverse.  Several 
such  veins  are  known,  running  parallel  to  each  other,  from  S.  to  N. 
Most  of  them  do  not  pass  all  through  the  metalliferous  limestone, 
being  cut  off  bv  faults,  throwing  them  into  other  strata ;  so  that  the 
working  out  of  these  veins  becomes  difficult.  Molybdenate  of  lead 
sometimes  accompanies  the  galena.  Carbonate  of  lead  is  seldom 
met  with. 

The  fossils  as  yet  found  in  the  metalliferous  limestone  are  un- 
determined species  of  RoBtellaria  and  Natica^  and  a  few  Ammonites 
of  the  fflobosi  group,  which  prove  it  to  be  a  portion  of  the  Hallstadt- 
strata  or  Alpine  Muschelkalk. 

The  plumoiferous  strata  in  question  run  uninterruptedly  for  several 
Austrian  miles*  in  extent,  from  the  TJrsulaberg  on  the  Scyrian  fron- 
tier, over  the  mountain  crests  of  Fetzen  and  Obir,  as  far  as  beyond 
Windiph-Bleiberg ;  lead-mines  heing  everywhere  worked  in  them. 

[Count  M.] 


On  the  Geology  of  Carlsbad,  Bohemia. 
By  M.  V.  Warnsdorff. 

[Proceedings  of  the  Imp.  Geol.  Instit.  >^enna,  Feb.  27, 1855.] 

The  thermal  and  acidulated  springs  of  Carlsbad  are  all  situated,  as 
is  known,  on  one  and  the  same  line,  which  is  generally  called ''  Hoff's 
Line,"  from  the  late  £.  A.  v.  Hoff,  who  first  pointed  out  its  existence. 
M.  V.  Wamsdorfff  states,  that  this  line  is  comddent  with  the  vein  of 
homstone,  at  the  upper  or  superficial  limit  of  which  a  new  spring  was 
discovered  in  1852,  at  a  depth  of  6  or  7  yards,  beneath  a  layer  of  peat, 
a  thick  bed  of  sand  (with  rolled  (ra^ents  of  gneiss),  and  a  reddish 
clay,  2  to  3  feet  thick.  This  spring  issues  partly  from  the  fissures  of 
the  vein  of  homstone,  which  is  here  3  to  4  feet  thick,  and  partly  from 
the  fissures  of  the  adjacent  rock.  The  vein  itself  runs  from  S.S.E.  to 
N.N.W.,  dipping  south  at  70°  to  75°.  The  vein  is  bifurcate ;  the 
upper  portion  is  grey,  the  lower  reddish  in  colour. 

*  The  Austrian  mile  n  4*714  English  miles. 

t  M.  y.  Warnsdorff  has  preyiooslv  published  some  accounts  of  the  geolo^  of 
Marienbad  in  Leonhard  and  Bronn^s  "Jahrbuch/'  and  in  Kratzmann's  "New 
Marienbad  Guide ;"  and  his  views  have  recently  been  discussed  in  a  paper  by 
Haidinger  on  **  the  Baryta  Crystals  deposited  by  the  Water  of  the  Carlsbad 
Military  Bathing-House  Spring/'  published  in  the  Imp.  Geological  Institute's 
"  Jarhbuch,"  1854,  p.  142. 
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The  whole  of  the  Carlsbad  springs  may  be  regarded  as  rising  in 
the  fissures  of  this  vein, — even  the  Sprudel,  notwithstanding  its 
anomalous  situation,  indicative  perhaps  of  a  fault  running  along  the 
Alte  Wiese  and  Neue  Wiese,  and  deranging  the  regular  course  of 
the  vein. 

The  author  points  out,  in  contradistinction  to  some  recent  obser- 
vations, the  notable  differences  between  the  fine-grained  and  the 
coarse-grained  granites,  which  closely  approach  each  other  near  the 
Bemhards-Brunnen. 

M.  V.  Wamsdorff  considers  that  deep  excavations  in  the  neighbour- 
hood of  the  upper  hmit  of  the  vein  would  be  very  unadvisable,  and 
liable  to  occasion  springs  to  burst  through  the  clay-bed  in  inconve- 
nient localities.  On  the  other  hand,  supposing  the  vein  to  be  con- 
tinued downwards,  immediately  beneath  the  Homer-Berg,  between 
the  older  coarse-grained  gramte  and  the  more  recent  fine-grained 
ffranite,  springs  of  very  high  temperature  might  be  obtained  at  a 
depth  amounting  to  only  tnree  times  the  distance  of  this  basaltic 
mountain  by  shafts  sunk  through  the  fine-grained  granite.  A  verti- 
cal shaft  would  reach  the  vein  at  a  depth  of  120  fathoms  [=  24888 
English  yards]  at  the  site  of  the  Marksbnmnen ;  at  a  depth  of  70 
fathoms  [=  1452  English  yards]  at  the  village  of  Klein-Versailles. 

[Count  M.] 


On  the  Geology  of  the  vicinity  of  Stsierdorf,  Banat. 
By  M.  J.  Kudernatsch. 

[Proceed.  Imp.  Geoiog.  Instit.  Vieima,  March  6, 1855.] 

The  rich  coal-deposits  of  Steierdorf,  in  Banat,  are  known  to  belong 
to  the  Liasic  group.  The  old  coal-formations  were  supposed  to  exist 
in  Banat  exclusively  in  the  condition  of  a  small  basin,  amidst  gneiss, 
near  Szekul,  1  Austrian  mile  [=  4'714  EngUsh  miles]  from  Reschitz ; 
but  M.  J.  Kudernatsch  has  recently  discovered  a  powerful  develop- 
ment of  genuine  Carboniferous  rocks  in  a  nearlv  imknown  r^on  of 
the  Military  Frontier,  E.  of  Steierdorf.  Rich  layers  of  fine  lignite, 
of  a  pitch-uke  brightness,  are  found  in  the  region  called  Ahnas,  and 
are  as  yet  unworked. 

M.  Kudernatsch  met  with  in  the  liasic  strata  of  Steierdorf  a  con- 
siderable quantity  of  felsite-porph3rries,  the  eruption  of  which  was 
probably  contemporaneous  with  the  deposition  of  the  liasic  shales,  as 
thev  break  through  the  lower  rocks  and  are  stratified  conformably 
with  the  upper  beds. 

The  cretaceous  table-lands  around  Steierdorf  contain  extensive 
deposits  of  pisiform  oxide  of  iron,  originating  from  the  decomposition 
of  marcasite. 

The  range  of  massive  crystalline  rocks  eastward  of  Steierdorf,  form- 
ing the  central  mass  of  the  mountainous  region  of  Banat,  are  com- 
posed of  large-grained  pegmatite,  granitite  with  a  trace  of  potash- 
mica,  granitic  gneiss,  syenite,  amphibolite,  serpentine,  granulite,  &c. 
The  real  granites,  with  potash-mica  predominating,  seem  to  be  of 
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later  date  than  the  granitites,  which  they  cat  through  in  the  shape 
of  veins ;  a  circamstance  diifering  from  the  facts  observed  in  other 
localities.  Along  a  line  of  considerable  extent  the  granite  is  in  con- 
tact with  the  cretaceous  limestones,  which,  for  a  hundred  paces  beyond 
the  line  of  junction,  bear  visible  traces  of  the  changes  of  structure 
resulting  from  the  contact  of  the  granite ;  they  are  saccharoid,  fre- 
quently dolomitic,  and  including  granules  of  quartz  and  even  some 
mica;  still,  however,  they  show  some  vestiges  of  organic  remains. 
These  facts  lead  to  the  conclusion,  that  the  eruption  of  this  granite 
could  not  have  been  anterior  to  the  cretaceous  period. 

[Count  M.] 

Notice  of  the  Occurrence  of  an  Earthquake   at  Schemnitz, 

Hungary.     By  M.  Russegger,  Director  of  the  Imp.  Mining 

Academy  at  Schemnitz. 

[Proceedings  Imp.  Acad.  Sdences,  Vienna,  March  8, 1855.] 
An  earthquake,  the  third  within  the  space  of  nine  months,  occurred 
at  Schemnitz*  on  January  31,  1855.  The  shock  was  accompanied 
by  a  noise  Uke  the  report  of  a  cannon,  and  was  felt  in  a  vertical  direc- 
tion at  35  minutes  past  1  o'clock,  p.m.  It  was  intense  enough  to 
shake  the  walls  of  the  houses.  The  maximum  of  its  intensity  coin- 
cided with  the  centre  of  the  town ;  but  (as  in  the  previous  shocks)  it 
was  not  followed  by  further  shocks. 

The  mines  were  visited  immediately  after  the  earthquake,  and  no 
breach  was  found  in  them;  it  was  ascertained,  however,  that  the 
commotion  had  followed  the  direction  of  the  principal  vein  (Spitaler 
Hauptgang),  and  had  reached  below  the  greatest  depths  which  the 
worlangs  had  reached,  increasing  in  intensity  from  above  downwards. 
In  some  places  there  were  crevices  in  the  solid  rock  and  the  walls  of 
the  galleries ;  but  the  timber  remained  unhurt.  The  cracking  of  the 
rock  was  tremendous,  and  here  and  there  the  currents  of  air,  arising 
from  the  commotion,  blew  out  the  lamps  of  the  miners,  who,  believing 
that  the  whole  mine  was  crumbling  over  their  heads,  were  terribly 
frightened.  In  some  places  fragments  of  rock  were  displaced  and 
injured  the  miners. 

The  circle  of  commotion  above-ground  proved  the  shock  to  have 
been  central,  and  not  to  have  followed  the  direction  of  a  longitudinal 
fissure.  The  form  of  this  circle  is  remarkably  coincident  with  the 
outline  of  the  inside  of  the  mountain  circle  surrounding  Schemnitz, 
the  outline  being  traced  about  the  middle  of  the  slope  between  the 
bottom  of  the  valley  and  the  tops  of  the  mountains.  It  has  quite 
the  shape  of  a  crater,  on  the  north-east  border  of  which  rises  the 
basaltic  cone  of  Mount  Calvary. 

The  depression  in  which  the  town  of  Schemnitz  lies  may  with  some 
propriety  be  thought  to  esdiibit  a  crater  of  elevation  amidst  a  mass  of 
diorite  and  dioritic  porphyry,  diametrically  traversed  by  the  "  Spitaler 
Hauptgang,"  with  a  basaltic  outburst  (the  only  one  in  the  immediate 
vidmty)  on  its  north-east  border. 

«  See  the  notice  of  the  previous  earthquakes  at  thia  place,  anteOf  p.  36. 
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The  miners  being  employed  at  places  far  distant  from  each  other, 
it  was  not  possible  to  determine  the  form  and  extent  of  the  snbterra- 
nean  circle  of  commotion,  by  means  of  which  it  might  have  been 
possible  to  have  determined,  at  least  approximately,  the  depth  of  the 
focus  of  commotion.  [Count  M.] 

On  some  FosaiiA  from  the  Dolomite  of  Monte  Saltatore,  near 
Lugano,  Canton  Tessin.  By  M.  Fr.  y.  Hauer. 
[Proceedings  Imp.  Acid.  Sc.  Yienna,  March  15, 1855.] 
Since  L.  v.  Buch  inyestigated  the  mountains  around  the  Lake  of 
Lugano,  they  have  been  frequently  studied  by  geologists  *,  and  espe^ 
daUy  the  Monte  Salvatore.  Abb^  Stabile  of  Lugano,  however,  has 
been  the  first  to  discover  a  considerable  number  of  determinable 
oreuiic  remains  in  the  dolomite  of  Monte  Salvatore. 

These  fossils  were  forwarded  to  M.  Fr.  v.  Hauer,  at  Vienna,  for 
examination ;  and  M.  Merian  has  determined  them  as  belonging,  for 
the  most  part,  to  known  species  peculiar  to  the  Mu8chelkalk« 
Amongst  these  fossils,  Halobia  Lommellii  and  ChemnitHa  tenuis  are 
remarkable,  as  previously  they  were  only  known  to  occur  in  the 
Hallstatt  and  Cassian  beds,  forming  the'  upper  subdivision  of  the 
Alpine  Triasf.  [Count  M.] 

Introduction  to  the  Knowledge  of  Rocks,  with  reference  to  their 
Geological  relations  and  to  their  practical  use  in  the  Arts,  Build' 
ing,  <md  Agriculture,  By  Prof.  A.  Erdmann,  Fellow  of  the  Boyal 
Acad.  Sciences,  Stockholm ;  Knight  Ord.  North  Star.  pp.  207, 
8«.    Stockhohn,  1865.     With  woodcuts. 

[Yagtedniiig  till  bergartncniaa  kannedom,  o.  t.  v.] 
In  this  elementary  work  on  the  properties  and  nature  of  rocka^  the 
anthor  first  notes  (chapter  1)  tne  general  characters, — crystalline;, 
mechanical,  and  amorphous;  fossiliferous  and  nnfosidliferous.  Ln 
chap.  2  he  reviews  tneir  structural  conditions;  in  chap.  3  the 
various  dHuracters  of  internal  and  external  form, — ^the  former  result- 
ing firom  contraction  and  from  stratification ;  the  latter  seen  in  layers, 
vems,  and  masses.  Chap.  4  is  stnitignLphical ;  and  chap.  5  notices 
the  destruction  and  weathering  of  rocks.  Tlie  geological  fcmnati^ms 
and  thehr  order  of  succesrion  are  given  in  chap.  6 ;  and,  lastly,  chap.  7 
comprises  the  classification  and  detailed  description  of  the  rocks  and 
mineral  masses.  In  this  chapter,  the  author,  after  remarking  that 
the  different  rocks  often  pass  one  into  another,  and  noticing  the  diffi- 
culty of  systematizing  tne  several  varieties,  divides  the  rocks  into 
(class  1)  those  of  chemical  origin,  viz.  the  quartz,  limestone,  salt,  iron, 
coal,  felspathie,  micaceous,  amphibolic,  pjrroxenic,  and  serpentine 
groups,— -and  (cbiss  2)  those  of  mechanical  origin,  viz.  the  breeciaa, 
conglomerates,  sandstones,  schists,  taS&,  and  loose  materials. 

[T.  R.  J.] 

*  Amongst  these  may  be  named  Breislac,  Girard,  Lavizzari,  Brunner,  Merian,  Ac. 
f  Vide  amiem,^  17. 
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[The  fossils  referred  to  are  described,  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


Africa,  geology  of  parts  of,  1, 453, 465 ; 

fossils  from,  454  ;  gold  in  South,  1. 
Alkali-pits  at  the  Lake  of  Van.  320. 
Allee  Blanche,  structure  of  the  rocks 

of,  21. 
Alluvium  of  New  South  Wales,  fossil 

bones  in,  405 ;  obsidian  bombs  in 

the,  403. 

of  the  Euphrates  Valley,  249. 

Alps,  Mr.  Sharpe  on  the  cleavage-struc- 
ture of  part  of  the,  1 1 ;  mubchelkalk 

in  the,  452 ;  St.  Cassian  beds  in  the, 

451. 
Alveolina-rocks  of  the  Turko-Persian 

frontier,  278. 
America,  North,  geology  of  parts  of, 

497,  537. 
Ammonitet  Gardeni,  456. 

Soutoniit  455. 

Stangerif  455 

Umbulazi^  456. 

Analyses  of  soils  from  the  Cotteswolds 

by  Dr.  Voelcker,  495. 
Annelid-tracks  in  the  flagstones  of  Bar- 

lae,  475. 
Anniversary  Address  of  the  President, 

xxvii.    See  also  Hamilton,  W.  J. 
Annual  Genera]  Meeting,  i. 
Annual  Report,  i. 
Anthracite  schists  of  Scotland,  Prof. 

Harkness  on  the,  468. 
Ararat,  lavas  of  Mount,  315. 
Area  NatalensiSf  461. 

Umzambamensis,  460. 

Arctic  America,  geology  of,  497. 

Archipelago,   fossil  wood  from 

the,  538 ;  geology  of  the,  537. 

Argyllshire,  raised  beaches  in,  549. 
Ascott,  section  of  estuarine  beds  at,  491. 
Asia  Minor,  coal  of,  476;  fossils  from, 58. 
Auriferuus  alluvia  of  New  South  Wales, 
fossil  bones  in,  405 ;  obsidian  bombs 
.  in  the,  403. 
deposits  in  Victoria,  397. 

—  iron  pyrites  in  the  Peel  River 
district,  401. 

rocks  of  Australia,  401  ;  New 

Zealand,  35  ;  South  Africa,  1. 

Austen,  R.  G.,  on  land>surfaces  beneath 
the  drift- gravel,  112;  on  the  possible 
extension  of  the  coal-measures  be- 
neath the  south-eastern  part  of  Eng- 


land, 533 ;  reply  to  the  President  on 
receiving  the  Donation  Fund  for 
MM.  Sandberger,  xxvi. 

Australia,  fossil  bones  in  the  auriferous 
alluvium  of,  405  ;  geology  of  part  of, 
399  ;  gold-diggings  in,  395 ;  obsidian 
bombs  in  the  auriferous  alluvium  of, 
403. 

Award  of  the  Donation  Fund,  xxv; 
WoUaston  Medal,  xxi. 

BaeuUtes  nUcatvSf  457. 

Bagshot  sands  and  the  French  and  Bel- 
gian tertiaries,  table  of  fossils  found 
in  the,  236. 

Bagshot  sands,  lower,  and  the  Ypresien 
sup^rienr,  232. 

Baily,  W.  H.,  description  of  some  cre- 
taceous fossils  from  South  Africa, 
454. 

Bakhtiyari  Mountains,  section  in  the, 
285. 

Ballarat  gold-diggings,  396. 

Banks's  Peninsula,  geology  of,  526. 

Baphetes  planiceps,  Prof.  Owen's  addi- 
tional remarks  on  the  skull  of,  9. 

Barlae,  fucoids,  zoophytes,  and  annelids 
in  the  flagstones  of,  473. 

Bay  of  Fundy,  submerged  forest  at  the, 
119. 

Bedford,  E.  J.,  notice  of  some  raised 
beaches  in  Argyllshire,  549. 

Belgium,  coal-measures  of,  533. 

Belgium,  France,  and  England,  the  ter- 
tiaries of,  206. 

Berrow  Hill,  section  of,  194. 

Beyrich,  E.,  remarks  on  the  brown  coal 
of  North  Germany,  550. 

Biradiolites  canalicolatus,  51. 

Bituminous  products  of  the  Turko- 
Persian  frontier,  269. 

Black  soil  of  Nagpur,  354. 

Blue  Mountain  Range,  geology  of  the, 
516. 

Bonin  Islands,  tidal  phsenomenon  at 
the,  532. 

Boulonnais,  coal-measures  of  the,  535. 

Bovey  Tracey,  fossil  seed-vessels  from, 
566. 

Brachyopg  laticfpSf  37. 

Bracklesham  beds  and  the  French  and 
Belgian  tertiaries,  table  of  fossils 
found  in  the,  236. 
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Bray,  W.,  on  the  geology  of  Georgia, 
United  States,  521 ;  on  the  occur- 
rence of  copper  in  Tennessee,  8. 
Breccia,  Permian,  of  Shropshire  and 

Worcestershire,  187. 
,  siliceous,  of  the  Pcd  River  di- 
strict, 400. 
Breedon  Hill,  section  of,  480. 
Brickenden,  L.,  on  a  Pterichthys  from 
the  old  red  sandstone  of  Moray,  31 ; 
on  the  occurrence  of  glacial  traces  on 
the  Rock  of  Dumbarton,  27. 
British  and  foreign  tertiaries,  correla- 
tion of  the,  206. 
Brown-coal  deposits  of  Northern  Ger- 
many, 142,  550. 
Brown,  J.,  and  J.  Prestwich  on  a  fos- 

siliferous  drift  near  Salisbury,  101. 
Brussa,  earthquakes  at,  543. 
Bunter  and  Permian  rocks  of  England, 

sections  of  the,  192,  193, 195. 
Bunter  sandstone  of  England,  the  four 
subdivisions  of  the,    188 ;    of  the 
Hartz,  446 ;  of  Thuringia,  428. 
Burdwan  coal-beds,  age  of,  555. 
Buyuk  Aladyn,  nummulitic  rock  from, 

10. 
Caprina  adversa,  51. 

Aguilloni,  51 ;  shell  of,  50. 

Caprinella,  shell  of,  52. 

Caprinella  triangularis,  52. 

Caprinula  Boissii,  52. 

Caprotina  quadripartita,  50 ;  shell  of,  49. 

Carboniferous  deposits  of  New  Zealand, 

521. 
fossils  from  the  Arctic  Archipe- 
lago, 537 ;  from  the  north-west  coasts 
of  North  America,  519. 

land,  extent  of  the  old,  535. 

rocks  of  the  Hartz,  441 ;  of  the 

Mackenzie  River,  511;  of  Thuringia, 
418. 
Cardium  dmiicviatum^  460. 
CarpoUthet  ovulum,  562. 
Cascade  Range,  geology  of  the,  516. 
Cassel,  tertiaries  of  the  hill  of,  232. 
Cephalopod,  Prof.  Owen  on  a  new  fos- 
sil species  of  naked,  124. 
Chalk,  sand-pipes  in  the,  62,  64. 
Charters,  Major,  on  the  geology  of  the 

vicinity  of  Nice,  35. 
Chedworth  Valley,  section  of,  484. 
Chemnitzia  Sutherlandn,  459. 
Chondrites  informis,  473. 

regularis,  473. 

Christiania,    Silurian    and    Devonian 

rocks  of,  161. 
Christiansand,  sections  near,  171. 
Clarke,  W.  B.,  notes  on  the  geology  of 
New  South  Wales,  408 ;  on  the  oc- 
currence of  fossil  bones  in  the  auri- 


ferous alluvia  of  Australia,  405 ;  on 
the  occurrence  of  obsidian  bombs  in 
the  auriferous  alluvia  of  New  South 
Wales,  403. 
Cleavage-structure  of  the  rocks  of  Mont 

Blanc,  Mr.  Sharpe  on  the,  11. 
Qent  Hill,  section  of,  190. 
Climatal  conditions  of  the  Arctic  Archi- 
pelago, Sir  R.  I.  Murchison  on  the, 
540. 
Climate  of  the  Permian  epoch,  203. 
Coal-deposits  and  plant-beds  of  India, 
Mr.  Hislop  on  the,  555;  of  Central 
India,  age  of  the,  376 ;  of  Thuringia, 
418. 
Coal  in  Asia  Minor,  Mr.  Sandison  on 

the  occurrence  of,  476. 
Coal-measures  of  Belginm  and  North 
France,  533 ;    origin  of  the,  535 ; 
possible  existence  of,  in  the  S.E.  of 
England,  533. 
Coal  of  Picton,  reptile  in  the,  8. 
Coals  of  New  Zealand,  528. 
Coast-line  of   New  Zealand,   Mr.  C. 

Forbes  on  the  geology  of,  521. 
Coast  Range,  geology  of  the,  516. 
Coccoteuthig  latiphmiSt  124. 
Compton  Hill,  section  of  warp-drift  at, 

490. 
Conglomerate  beds  of  the  Grampians, 

545. 
Copper   in   Tennessee,  8  ;    in  South 

Africa,  467. 
Cornwall,  sand-worn  granite  in,  549. 
Cororoandel  Harbour,  gold-diggings  of, 

31. 
Correlation  of  the  tertiaries  of  England, 
France,  and  Belgium,  Mr.  Prestwich 
on  the,  206. 
Cotteswold  HiUs,  Mr.  Hull  on  the,  477 ; 

section  of  the,  480. 
Council,  Report  of  the,  i. 
Counter  Hill,  fossil  seeds  from,  562. 
Crawford,  J.  C.,  on  the  geology  of  the 
Port  Nicholson  district,  New  Zea- 
land, 530. 
Creswick  Creek  gold-diggings,  397. 
Cretaceous  fossils  from  South  Africa, 
Mr.  Baily  on  some,  454. 

rocks  in  South  Africa,  Captain 

Garden  on  some,  453 ;  of  the  Hartz, 
447 ;  of  the  Turko-Persian  frontier, 
284. 
Crossopodia  Scotica,  475. 
Crystalline  rocks,  range  of,  east  of  the 

Rocky  Mountains,  500. 
Dawson,  J.  W.,  notice  of  the  discovery 
of  a  reptilian  skull  in  the  coal  of 
Pictou,  8 ;  on  a  modern  submerged 
forest  at  Fort  Lawrence,  Nova  Scotia, 
119. 
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Derik,  travertiii  springs  at,  302. 

Devonian  and  Silurian  rocks  of  Chris- 
tianis,  161. 

Devonian  rocks  of  the  Eastern  Gram- 
pians, 544  ;  of  the  Elk  or  Mackenzie 
River,  509 ;  of  Thuringia,  412 ;  of 
the  Hartz,  436. 

Diceras  arietinum,  53, 54 ;  shell  of,  49. 

Dicynodon  from  South  Africa,  remains 
of,  532,  541. 

strata.  South  Africa,  3. 

Dicynodon  tigrietpi,  532,  541. 

Dieppe,  coast-section  near,  118;  Lon- 
don clay  near,  230. 

Discovery  of  reptilian  remains  in  the 
coal  of  Pictou,  Mr.  Dawson  on  the,  8. 

Dizful,  section  at,  261. 

Donation  Fund,  award  of  the,  zxv. 

Donations  to  the  Library,  85, 145, 389, 
57L 

to  the  Museum,  viii. 

Drift-deposits  of  the  Cotteswolds,  492. 

woMDd  of  the  Arctic  Archipelago, 

536. 

Duckton,  occurrence  of  copper  near,  8. 

Dumbarton  Rock,  glacial  traces  on,  27. 

Dumfriesshire,  anthracite  schists  of, 
468. 

Dunedin,  coal  from,  529. 

Earthquakes  at  Brussa,  Mr.  Sandison 
on  the,  543. 

Elbingerode,  section  near,  438. 

Elevatory  movements  of  North  Ame- 
rica, 514 ;  of  New  Zealand,  526, 531. 

Elk  River,  geology  of  the,  509. 

English,  French,  and  Belgian  tertiaries, 
206. 

Erratic  phenomena  of  the  Cotteswolds, 
487. 

Estuarine  deposits  of  the  Cotteswolds, 
490. 

Eureka  gold-diggings,  395. 

Extension  of  the  coal-measures  beneath 
the  south-east  of  England,  Mr.  R.  6. 
Austen  un  the  possible,  533. 

Faults  of  the  Cotteswolds,  486. 

Fisherton,  pleistocene  deposit  at,  102. 

Fluctuation  of  water-level  in  the  Lake 
of  Van.  318. 

FluTiatile  deposits  of  the  Cotteswolds, 
488. 

Foliation  in  rocks,  Mr. D.Forbes  on,  166. 

FoUieulUes  minutulut,  566. 

Forbes,  C,  on  the  geology  of  New  Zea^ 
land,  with  notes  on  its  carboniferous 
deposits,  521. 

Forbes,  D.,  on  the  causes  producing  fo- 
liation in  rocks,  and  on  some  observed 
cases  of  foliated  structure  in  Norway 
and  Scotland,  166. 

Furt Lawrence,  subuierged  forest  at,  119. 


Fossil  bones  in  the  auriferous  alluvia  of 
Australia,  Rev.  Mr.  Clarke  on,  405. 

^—  cephalopod  from  the  Kimmeridge 
shales,  Prof.  Owen  on  a,  124. 

cranium  and  remains  of  Dicyno- 

'  don,  Prof.  Owen  on  the,  532, 541. 

fish  from  Sydney,  408. 

fucoids  of  South  Scotland,  473. 

mammaUan  skull  from  Jamaica, 

Prof.  Owen  on  a,  541. 

plants  of  the  Mackenzie  River 

basin,  51 2.    See  4il»o  Planto,  fossil. 

saurian  hones  from  the  Arctic 

Archipelago,  538. 

seed-vessels  from  Bovey  Traccy, 

Dr.  Hooker  on  some,  566  ;  from 
Lewisham,  Dr.  Hooker  on  some,  562. 

wood  from  the  Arctic  Archipe- 
lago, 538  ;  of  New  Siberia,  513. 

Fossiliferous  drift-deposits  near  the  Re- 
culvers,  Mr.  Prestwich  on  some,  1 10 ; 
near  Salisbury,  Messrs.  Prestwich  and 
Brown  on  a,  101. 

gravel  at  Hackney,  Mr.  Prestwich 

on,  107. 

Fossils  from  Kirrind.  267,  277 ;  from 
Oregon,  517;  from  Swanage,  123; 
from  the  cretaceous  rocks  of  the 
Turko-Persian  frontier,  289  ;  from 
the  cretaceous  rocks  of  South  Africa, 
456 ;  from  the  Keuper  of  Pcndock, 
450 ;  from,  the  Silurian  rocks  of 
North  America,  505,  507  ;  of  the 
freshwater  deposit  of  Nagpur,  Cen- 
tral India,  360 ;  of  the  Permian  rocks, 
197  ;  of  the  sandstone  formation  of 
Nagpur,  Central  India,  370. 

,  pleistocene,  at  West   Hackney, 

110;  from  near  the  Reculvers,  111  ; 
near  Salisbury,  106. 

Fox,  R.  W.,  on  sand-worn  granite  near 
the  Land's  End,  549. 

Fractures  in  the  nuromulitic  rocks  of 
the  Turko-Persian  frontier,  282. 

Fragments  of  fir-wood  and  rock-speci- 
mens from  the  Arctic  Archipelago,' 
Sir  R.  I.  Mnrchison  on,  536. 

France,  Belgium,  and  England,  the  ter- 
tiaries of,  206. 

France,  pleistocene  laud-surfaces  of  the 
coast  of,  117. 

Freshwater  deposits  of  Nagpur,  Cen- 
tral India,  356. 

Fucoidal  remains  in  South  Scotland, 
Prof.  Harkness  on  the,  473. 

Garden,  R.  J.,  notice  of  some  cretaceous 
rocks  near  Natal,  South  Africa,  453. 

Geological  distribution  of  the  Hippuri- 
tidae,  53. 

map  of  Christian ia.  Sir  R.  I.  Mur- 

chison  on  M.  Th.  Kjerulfs,  161. 
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Geology  of  Coromandel  Harbour  di- 
strict. New  Zealand,  32 ;  of  New  Zea- 
land, 521 ;  of  part  of  Natal,  465  ;  of 
part  of  New  South  Wales,  408 ;  of 
part  of  South  Africa,  3 ;  of  Port  Ni- 
cholson district.  New  Zealand,  530 ; 
of  the  Arctic  Archipelago,  537 ;  of 
the  Nagpur  territory.  Central  India, 
349  ;  oHf  the  northernmost  parts  of 
America,  497  ;  of  the  Peel  River 
district,  399 ;  of  the  Turko-Persian 
frontier,  247  ;  of  the  vicinity  of  Nice, 
35. 
Germany,  paleozoic  rocks  of,  409. 

,  North,  the  tertiaries  of,  126. 

Gida/f  Hill,  section  of,  358. 
Gilchrist,  W.,  on  the  origin  and  forma- 
tion of  the  red  soil  of  Southern  India, 
552. 
Glacial  traces  on  Dumbarton  Rock,  27. 
Glaciers  and  icebergs,  supposed  exist- 
ence of,  iu  the  Permian  epoch,  185. 
Glenkiln,  section  of,  469. 
Gneiss  of  Mont  Blanc,  foliation  of  the,  20. 
Gold-bearing    deposits    at    Creswick 
Creek,  section  of,  39B. 

rocks  of  New  Zealand,  35  ;  of 

South  Africa,  1. 
Gold-fields  of  Victoria,  Mr.  Rosales  on 

the,  395. 
Gold-diggings  of  Coromandel  Harbour, 

Mr.  Heaphy  on  the,  31. 
Gold,  drift,  formation  of,  in  Australia, 
402. 

,  native,  formation  of,  in  Australia, 

401. 
Grampians,  section  of  the  eastern  ex- 
tremity of  the,  547. 
Granite  worn  by  blown  sand  in  Corn- 
wall, 549. 
Granitic  rocks  of  Nagpur,  351,  379; 
of  the  Hudson  Bay  territories,  501  ; 
of  the  Turko-Persian  frontier,  291. 
Graptolites  from  the  South  of  Scotland, 

475. 
Graptolite-shales  of   South  Scotland, 

469. 
Grauwacke,  lower,  of  Thuringia,  412. 
Gravel-pipes  in  the  chalk,  64. 
Gravels  and  old  land-surfaces  of  the 

Valley  of  the  Wey,  115. 
Gravels  of  the  Turko-Persian  frontier, 

252. 
Graves,  P.  W.,  notice  of  the  occurrence 
of  a  tidal  phaenomenon  at  Port  Lloyd, 
Bonin  Islands,  532. 
Gypsiferous  rocks  of  the  Turko-Persian 

frontier,  254. 
Gypsum  rocks  of  Chamounix,  18. 
Habichts  Wald  and  Wilhelmshohe,  sec- 
tions at,  127. 


Hackney,  West,  pleistocene  deposit  at, 

107. 
Hamilton,  W.  J.,  on  a  spechnen  of 
Dummolitic  rock  from  the  neighboor- 
hood  of  Varna,  10;  on  the  brovrn 
coal  of  North  Germany,  550 ;  on  the 
coal  of  Asia  Minor,  477  ;  on  the  ter- 
tiary formations  of  the  North  of  Ger- 
many, with  special  reference  to  those 
of  Hesse  Cassel  and  its  neighbour- 
hood, 126. 
Hamilton,  W.  J.  (President),  Address 
on  presenting  the  Wollaston  Medal 
to  Sir  R.  I.  Murchison  for  Sir  H.  T. 
Delabeche,  xxi ;  Address  on  present- 
ing the  Donation  Fund  Award  to  the 
Secretary  for  MM.  Sandberger,  xxv ; 
Anniversary  Address,  xxvii.    Notieei 
cf  Deceased  Fellows :  Edward  Forbes, 
xxvii;  Sir  John  Franklin, xxxvi;  Prof. 
Jameson,  xxxviii ;  Arthur  Aikin,  xli ; 
Dr.  Stanger,  xlii;  the  Rev.  H.  M. 
DelaconcUimine,  xliii;  James  HalK 
xlui ;    Dr.  G.  F.  Fischer  de  Wald- 
heim,  xliv ;  British  geology  and  the 
Geological  Society's  Proceedings, xlv; 
MurcUson's   Siluria,  noticed,   xlv; 
Sedgwick  on  the  May  Hill  Sandstone 
and  Palaeozoic  System  of  the  British 
Isles,  noticed,  xlvii ;  Geological  Sur- 
vey, xlvii ;  Salter's  Decade  of  Trilo- 
bites,  noticed,  xlix;  £.  Hopkins  on 
vertical  lamination  of  rocks,  xlix ;  D. 
Sharpeonthe  structureof  Mont  Blanc 
and  the  cleavage-structure  of  rocks,  1 ; 
D.  Forbes  on  foliated  rocks,  1 ;  West- 
wood  on  fossil  insects  of  the  Purbeck 
formation,  li ;  Owen  on  fossil  mam- 
mals and  reptiles  of  the  Purbeck 
formation,  li ;  Egerton  on  fossil  fish 
from  Egypt,  lii;  Prestwich  on  the 
London  Clay  and  the  Bracklesham 
tertiaries,  liii ;  Prestwich  on  the  cor- 
relation  of  the  British  and  foreign 
tertiaries,  liv ;  Deshayes  on  estuary 
shells  at  Rilly,  Iv ;  Palsontographical 
Society's  monographs,  Iv  ;  Morris's 
Catalogue  of  British  Fossils,  Iv ;  fo- 
reign geology,  Ivi;  Murchison's  re- 
searches in  Thuringia  and  the  Hartz, 
Ivi;    Credner's  researches  in  Thu- 
ringia, Iviii ;  Sandberger's  researches 
in  the  Devonian  mollusca,  lix;  F. 
Roemer's  researches  in  the  Devonian 
of  the  Eifel,  Ix ;  Kjerulf  s  researches 
in  Christiania,  Ixi ;  De  Koninck's  and 
Le  Hon's  researches  in  the  crinoidea, 
Ixi ;  Geinitz's  researches  in  the  coal- 
deposits  of  Saxony,  Ixii;   Roaster's 
and  Reuss's  researches  in  the  fossils 
of  the  zechstein  of  the  Wettenu, 
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Ixiii ;  researches  of  Emmerich,  Mur- 
chison,  Haner,  Saess,  Escher,  and 
Merian  in  the  trias  of  the  Alps  and 
in  the  San  Casciano  beds,  Ixiii ;  Re- 
nevier's  researches  at  the  Perte  du 
Rhone,  Ixix ;  Bosquet's  researches  in 
the  brachiopoda  and  cnistacea  of  the 
Maestiicht  and  Limburg  beds,  Ixiz ; 
Bomemann's  researches  in  the  lias 
fossils  of  Gottingen,  Ixx  ;  Reuss's  re- 
searches in  the  cretaceous  rocks  of 
Gosau  and  Wolfgang,  Izx;  Jordan, 
Von  Meyer,   and  Goldenberg's  re- 
searches in  the  Crustacea  and  insects 
of  the  Saarbruck  coal-deposits,  Ixxi ; 
tertiary  geology,  Ixxi ;  Hebert's  and 
Renevier's  researches  in  the  numma- 
Htic  fossils  of  Savoy,  Ixxi ;  researches 
in  the  tertiary  deposits  of  the  Nether- 
lands by  Harting  and  others,  Ixxii ; 
Hebert's  researches  in  the  tertiaries 
of  Paris,  Ixxiv ;  Bou^  on  the  depth 
of  former  seas  and  heights  of  former 
mountains,  Ixxv ;  Sandberger,  Bey- 
rich,  Dunker,  Hamilton,  Reuss,  Kuh, 
and  Labecki  on  the    tertiaries    of 
North  Germany,  Ixxv;  Neugeboren 
on  tertiary  fossils  in  Transylvania, 
txxx;  Homes  on  the  tertiaries  of 
Hungary  and   Transylvania,   Ixxz; 
Bianconi  on  the  pleiocenic  ocean, 
Ixxxi ;  Kanp's  photographic  illustra- 
tions of  Darmstadt  fossil  mammalia, 
Ixxxi ;  De  Rayneval,  Van  den  Hecke, 
and  Ponzi  on  the  tertiary  fossils  of 
Monte  Mario,  Ixxxii ;  Massalongo  on 
the  fossil  flora  of  Sinigaglia,  Ixxxiii ; 
De  Vemeuil  and  De  Lori^re  on  the 
geology  of  Spain,  Ixxxiii ;  geology  of 
Asia,  Ixxxiii ;  De  Tchihatcheff  on  the 
geology  of  Asia  Minor,  Ixxxiii ;  Lof- 
tus  on  the  geology  of  the  Turko-Per- 
sian  frontier,  Ixxxvi;   Greenough's 
geological  map  of   India,   Ixxxvii ; 
Hislop  and  Hunter  on  the  geology  of 
the  Nagpur  district,  Ixxxvii;  Bayle 
and  Ville  on  tertiary  and  secondary 
fossils  from  Oran  and  Algiers,lxxxviii ; 
Foetterle's  geological  map  of  Central 
and    Southern    America,    Ixxxviii ; 
general   geological  works,    Ixxxix; 
Ehrenberg's  Mikrogeologie,  Ixxxix ; 
Cotta's  Geologischer  Bilder,  xc;  De- 
lesse  and  Saemann  on  the  action  of 
alkalies  on  rocks,  xc ;  Delanoue  on 
metamorphism,  xc ;  conclusion,  sub- 
division of  geological  formations,  xci. 
Harkness,  R.,  on  the  anthracitic  schists 
and  fucoidal  remains  occurring  in  the 
Lower  Silurian  rocks  of  South  Soot- 
land,  468. 


Hartz,  palaeozoic  rocks  of  the,  430. 

Heaphy,  C,  on  the  gold-bearing  district 
of  Coromandel  Harbour,  New  Zea- 
land, 31. 

Hemiaster  Forbetii,  463. 

Hesse  Cassel,  the  tertiaries  of,  126. 

Highlands,  geology  of  part  of  the, 
544. 

Hippurites  eolUciahu,  58. 

comu-vacdnura,  42, 45. 

corrugatua,  58. 

,  description  of  the  shell  of  the,  41. 

Loftutif  58. 

radiosus,  43. 

Toucasianus,  44. 

vesicuhttUt  59. 

Hippuritida;,  affinities  of  the,  46 ;  geo- 
logical distribution  of  the,  53 ;  Mi:. 
Woodward  on  the,  40. 

Hirschberg,  sections  at  the,  131. 

Hislop,  S.,  on  the  connexion  of  the 
Umret  coal-beds  with  the  plant-beds 
of  Nagpur,  and  of  both  with  those  of 
Burdwan,  555. 

Hislop,  S.,  and  R.  Hunter  on  the  geo- 
logy and  fossils  of  the  neighbourhood 
of  Nagpur,  Central  India,  345. 

Hooker,  J.  D.,  on  some  minute  seed- 
vessels  from  the  Eocene  beds  of 
Lewisham,  562 ;  on  some  small  seed- 
vessels  frt>m  the  Bovey  Tracey  coal, 
566. 

Hopkins,  E.,  on  the  vertical  and  meri- 
dional lamination  of  primary  rocks, 
143. 

Hornblende  dykes  in  Southern  India, 
553. 

Howler's  Heath,  section  of,  195. 

Htibingstein,  section  at,  440. 

Hudson  Bay  territories  and  other  parts 
of  North  America,  Mr.  Isbister  on 
the  geology  of,  497. 

Hull,  E.,  on  the  physical  geography  and 
pleistocene  phenomena  of  the  Cot- 
teswold  Hills,  477. 

Icebergs  and  glaciers,  supposed  exist- 
ence of,  in  the  Permian  epoch,  185. 

Igneous  rocks  of   the  Turko-Persian 

frontier,  293  ;  of  Nagpur,  356. 
Impressed  boulders  of  the  old  red  con- 
glomerates, 545. 
India,  Central,  labyrinthodont  reptile 
frt>m,  37 ;  coal-deposits  and  plant- 
beds  of,  555  ;  geology  of  Nagpur  in 
Central,  345 ;  Southern,  the  red  soil 
of,  552. 
Inoeeramui  expannuy  462. 
Isbister,  A.  K.,  on  the  geology  of  the 
Hudson  Bay  territories,  and  of  por- 
tions of  the  arctic  and  north-western 
regions  of  America,  497. 
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Isle  of  Wight,  pleistocene  lanJ-surfaces 
of  the,  116. 

Jaegenborg,  sections  at,  167, 173. 

Jamaica,  fossil  mammal  from,  541. 

Jomfniland,  section  in  the  island  of, 
179. 

Jnra,  raised  beach  in,  549. 

Jurassic  character  of  the  Nagpur  sand- 
stone formation,  376;  fmsils  from 
North-west  America,  519 ;  rocks  of 
the  Hartz,  447. 

Kapanga,  gold-diggings  on  the,  33. 

Kattra  shales,  560. 

Kerera  Island,  raised  beach  in,  549. 

Kerkhah  Valley,  section  in  the,  265. 

Keuper  of  the  Hartz,  446  ;  of  Thu- 
ringia,  429 ;  rocks  of  England,  sec- 
tions of  the.  190,  193,  194  ;  sand- 
stone  of  Pendock,  Rev.  Mr.  Symonds 
on  fossils  from  the,  450. 

Kimmeridge  clay,  fossil  naked  cephalo- 
pod  from  the,  124. 

Kirrind,  sections  at,  265,  275. 

Kjerulf  s  geological  map  of  Christiania, 
Sir  R.  I.  Morchison  on,  161. 

Kota,  bituminous  shales  of,  559. 

Krageroe,  section  near,  177. 

Kupfer-schiefer  of  the  Hartz,  444 ;  of 
Thunngia,  425. 

Labyrinthodont  reptile  from  Central 
India,  Profl  Owen  on  the  cranium  of 
a,  37. 

Lacustrine  deposit  in  Luristan,  251. 

Lake  of  Urumia,  306 ;  of  Van,  317. 

Lamination  of  rocks,  Mr.  £.  Hopkins 
on  the,  143. 

Landenian  sands,  211. 

Land-surfaces  beneath  the  drift-gravel, 
Mr.  Austen  on  the,  112. 

Laterite  of  the  Nagpur  territory,  353, 
355. 

Ijauthenthal,  section  of  the,  439. 

Lechampton  Hill,  ancient  sea-beach  at, 
487. 

Leimbach,  section  at,  443. 

Lewisham,  fossil  seed-vessels  from,  562. 

Library  Committee,  Report  of  the,  iii. 

Lickey,  section  of  the,  190. 

Lignites  of  Bovey  Tracey,  566 ;  of  the 
Mackenzie  River  basin,  511 ;  of  the 
Woolwich  and  Reading  series  and  the 
lignites  du  Soissonnais,  217  ;  of  New 
Zealand,  521. 

Limestone-gravel  of  Dizfril,  252. 

List  of  works  relating  to  the  geology  of 
the  northernmost  parts  of  America, 
498. 

Lits  coqnilliers  and  Sables  divers,  232. 

Loftus,  W.  K.,  on  the  geology  of  por- 
tions of  the  Turko-Persian  frontier 
and  of  the  districts  adjoining,  247. 


London  clay  and  the  French  terttarica, 
table  of  fossils  found  in  the,  227. 

and  the  Tpresien  inferiear, 

229. 

London  tertiaries,  206. 

tertiary  district,  Mr.  Preatwidi 

on  the  sand-pipes  in  the  chalk  of 
the,  64. 

Lower  tertiaries  of  France,  Belgiom, 
and  England,  206. 

Lunga  Islands,  raised  beach  in,  549. 

Luss,  quartz- vein  at,  170. 

Mackenzie  River,  geology  of  the,  509. 

Magdeburg,  tertiaries  of,  135. 

Miigdesprung.  section  at,  432. 

Mahadewa  Hills,  coal-deposits  of  the, 
556. 

Mangali,  fossil  reptilian  skull  from,  37 ; 
sandstone  with  plants  at,  370. 

Marlstone  platforms  of  the  Cotteswolds, 
485. 

Marshes  of  the  Bay  of  Fundy,  122. 

Massacre  Bay,  ooiJ  from,  52^. 

Mataawai,  gold-diggings  on  the,  34. 

Mayence  basin,  age  of  the  tertiary  beds 
of  the,  137. 

Merian,  on  the  St.  Cassian  beds  be- 
tween the  keuper  and  the  lias  in  the 
Vorarlberg  Alps,  451. 

Metallic  minerals  of  the  Peel  River 
district,  402. 

Metals  found  near  Nagpur,  380. 

Metamorphic  and  Devonian  rocks  of 
the  Eastern  Grampians,  Prof.  Nicol 
on  the,  544. 

Metamorphic  rocks  of  Nagpur,  351, 
379 ;  of  the  Turko-Persian  frontier, 
290. 

Mica-schist  with  dichroit,  1 74. 

Minerals  in  the  trap-rocks  of  Nagpur, 
366. 

Monopleura  imbricata,  51. 

Mont  Blanc,  Mr.  Sharpe  on  the  stmc- 
ture  of,  11. 

Moray,  a  Pterichthys  frt)m,  31. 

Morris,  J.,  and  Sir  R.  I.  Murchison  on 
the  palaeozoic  rocks  of  Thuringia  and 
the  Hartz,  409. 

Motopipi,  coal  from,  528. 

Mountain-ranges  of  South  Africa,  6. 

Mount  Grey,  New  Zealand,  geology  of, 
525. 

Mungerrah,  section  at,  272. 

Murchison,  Sir  R.  I.,  additionsl  ob- 
servations on  the  Silurian  and  Devo- 
nian rocks  near  Christiania  in  Nor- 
way, 161 ;  reply  to  the  President  on 
receiving  the  Wollaston  Medal  for 
Sir  H.  T.  Ddabeche,  xxiii ;  on  the 
occurrence  of  numerous  fragments 
of  fir-wood  in  the  Arctic  Archipelago, 
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with  remarks  on  the  rock-specimens 

brought  from  that  region,  536 ;  and 

J.  Morris,  on  the  palteozoic  and  their 

associated  rocks  of  the  Thiiriuger- 

wald  and  the  IIartz«  409. 
Muschelkalk  of  the  Alps,  452 ;  of  the 

Hartz,  446 ;  of  Thnringia,  429. 
Museum  Committee,  Report  of  the,  iv. 
Nagpur  and  its  vicinity,  Central  India, 

Rev.  Messrs.  Hislop  and  Hunter  on 

the  geology  of,  545 ;  plant-beds  of, 

555. 
Natal,  cretaceous  rocks  and  fossils  from 

near,  453;  Dr.  Sutherland  on  the 

geology  of,  465. 
Natiea  multittriata,  460. 
Nelson,  New  Zealand,  geology  of,  524. 
Nereites  multiforis,  476. 
New  South  Wales,  fossil  bones  in  the 

auriferous  alluvium  of,  405 ;  obsidian 

bombs  in  the  auriferous  alluvium  of, 

403  ;  the  Rev.  Mr.  Clarke  on  the 

geology  of,  408. 
New  Zealand,  geology  of  part  of,  530 ; 

geology  of  the  coast-line  of,  521 ; 

gold-diggings  in,  31. 
Nice  and  its  vicinity,  Miyor  Charters  on 

the  geology  of,  35. 
Nicol,  J.,  on  the  section  of  the  meta* 

morphic  and  Devonian  strata  at  the 

eastern  extremity  of  the  Grampians, 

544. 
North  America,  geology  of  part  of,  497. 
Northern  drift  of  the  Cotteswolds,  492. 
Northern  Germany,  brown  coal  of,  550; 

relative  age  of  the  tertiaries  of,  136. 
Norway,  foliated  structure  of  rocks  in, 

166;   Silurian  and  Devonian  rocks 

of,  161. 
Nova  Scotia,  reptilian  remains  in  the 

coal  of,  8 ;  submerged  forests  of,  119. 
Nummulitic    rock  from   near  Varna, 

Mr.  Hamilton  on  a  specimen  of,  10; 

rocks  of  the  Turko-Persian  frontier, 

270. 
Ober  Kaufungen,  section  at,  129. 
Obsidian  bombs  in  the  auriferous  allu- 
via of  New  South  Wales,  Rev.  Mr. 

Clarke  on,  403. 
Odernheimer,  F.,  on  the  geology  of 

part  of  the  Peel  River  district  in 

Australia,  399. 
Old  red  sandstone  of  Moray,  a  Fter- 

ichthys  from  the,  31. 
Orange  Kiver  Sovereignty,  gold  found 

in  the,  1. 
Oregon  territory,  geology  of  the,  517. 
Oronsay,  raised  beach  in,  549. 
Orthography,  Arabic,  325 ;  Hindu,  345. 
Ostrea  cornucopia,  41 . 
Owen,  R.,  additional  remarks  on  the 


skull  of  Baphetes  planiceps,  9 ;  de- 
scription of  the  cranium  of  a  laby- 
rinthodont  reptile  from  Mangali, 
Central  India,  37 ;  notice  of  a  new 
species  of  an  extinct  genus  of  di- 
branchiate  cephalopod  from  the  up- 
per  oolitic  shales  at  Kimmeridge, 
124  ;  notice  of  some  new  reptilian 
fossils  from  the  Purbeck  beds  near 
Swanage,  123 ;  on  the  fossil  cranium 
of  Dicyiiodon  from  South  Africa,  532; 
on  the  fossil  skull  of  a  mammal  from 
Jamaica,  541 ;  on  the  remains  of  Di- 
cynodon  from  South  Africa,  541. 

PalsBochorda  xsi9^0T,  473. 

teres,  474. 

Palaeozoic  rocks  of  Saxony,  417 ;  of  the 
Turko-Persian  frontier,  290 ;  of  Thu- 
ringia  and  the  Hartz,  Sir  R.  I.  Mur- 
chison  and  Prof.  Morris  on  the, 
409. 

Panna  sandstones,  560. 

Paris  tertiary  group,  208. 

Peat-beds  at  Bovey  Tracey,  566. 

Pebble-beds  of  the  English  and  French 
tertiaries,  220. 

Peel  River  district,  Mr.  Odernheimer 
on  the  geology  of  the,  399. 

Pendock,  Worcestershire,  fossils  from 
the  kenper  of,  450. 

Permian  breccia  of  Shropshire  and 
Worcestershire,  Prof.  Ramsay  on  the, 
187 ;  epoch,  probable  climate  of  the, 
203;  epoch,  I^rof.  Ramsay  on  the 
probable  existence  of  glaciers  and 
icebergs  in  the,  185 ;  rocks  of  Eng- 
land, sections  of  the,  188,  IfO;  of 
the  Hartz,  443;  of  Thnringia,  418. 

Persia,  geology  of  parts  of,  247. 

Physical  geography  of  part  of  New 
Zealand,  31 ;  of  the  Cotteswold  Hills, 
477 ;  of  the  Nagpor  district,  345. 

Pictou,  reptilian  skull  in  the  coal  of,  8. 

Pine-cone  from  Bovey  Tracey,  567. 

Pipes  and  furrows  in  calcareous  and 
non-calcareous  strata,  Mr.  Trimmer 
on,  62. 

Plan  and  sections  of  Dumbarton  Rock, 
28. 

Plants,  fossil,  from  the  Bovey  Tracey 
lispite,  566 ;  from  the  kenper  of 
Worcestershire,  451 ;  of  the  sand- 
stone formation  of  Central  India,371. 

Pleistocene  deposits  at  West  Hackney, 
107 ;  at  Wear  Farm,  near  the  Recul- 
vers,  110;  near  Salisbury,  101;  of 
northernmost  America,  514. 

fossils  of  North-west  America,  520. 

land-surfaces,  Mr.  Austen  on,  112. 

phenomena  of  the  Cotteswolds, 

487. 
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Plutonic  rocks  of  Ni^ar,  351,  379; 
of  the  Turko-Persian  frontier,  291. 

Port  Lloyd,  tidal  phaenomenon  at,  532. 

Port  Nicholson,  Mr.  Crawford  on  the 
geology  of,  530. 

Preservation  Island,  coal  from,  528. 

Prestwich,  J.,  on  a  fossiliferons  hed  of 
the  drift-period  near  the  Reculvers, 
110 ;  on  a  fossiliferons  deposit  in  the 
gravel  at  West  Hackney,  107 ;  on  the 
correlation  of  the  eocene  tertiaries 
of  England,  France,  and  Belgium, 
206 ;  on  the  origin  of  the  sand-  and 
gravel-pipes  in  the  chalk  of  the  Lon- 
don tertiary  district,  64  ;  and  J. 
Brown,  on  a  fossiliferons  drift  near 
SaUsbnry,  101. 

Proratiomua  rirenoideif  541 . 

Protovirgularia  dichotoma,  475. 

Pterichthys  from  the  old  red  sand- 
stone of  Moray,  Capt.  Brickenden  on 
a,  31. 

Purbeck,  reptilian  remains  from,  123. 

Pusaasen,  section  at,  178. 

Quartz-vein  near  Ballarat,  section  of, 
396. 

Radiolites  cylindraceus,  45 ;  description 
of  the  shell  of,  46. 

Hoenioghausii,  49. 

mammillaris,  46,  48. 

ManteUi,  6J. 

Mortoni,  47,  59. 

Raised  beach  of  Lechampton  Hill,  487. 

Raised  beaches  in  Argyllshire,  Capt. 
Bedford  on  some,  549. 

Ramsay,  A.  C,  on  the  occurrence  of 
angular,  snbangular,  polished,  and 
striated  fragments  and  boulders  in 
the  Permian  breccia  of  Shropshire, 
Worcestershire,  &c,  and  on  the  pro- 
bable existence  of  glaciers  and  ice- 
bergs in  the  Permian  epoch,  185. 

Rastrites  Barrandi,  475. 

Reculvers,  pleistocene  deposits  near 
the,  110. 

Red  soil  of  Nagpur,  Central  India,  354 ; 
of  Southern  India,  Dr.  Gilchiist  on 
the,  552. 

Regur  of  Nagpur,  354. 

Report,  Annual,  i;  of  the  Council,  i; 
of  the  Library  Committee,  iii ;  of  the 
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